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THIS ISSUE BINDER IS INTENDED TO PROVIDE A BASIC, 
COMPREHENSIVE REVIEW OF THE SCIENTIFIC LITERATURE 
REGARDING A SPECIFIC TOPIC ON ETS AND THE HEALTH OF 
NONSMOKERS. 


PRIMARY STUDIES AND REVIEWS HAVE BEEN HIGHLIGHTED 
TO IDENTIFY (1) USEFUL OR HELPFUL INFORMATION (YELLOW 
HIGHLIGHT) AND (2) ADVERSE RESULTS OR OPINIONS (BLUE 
HIGHLIGHT) . 
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INTRODUCTION 

ETS AND CHILDHOOD AND ADULT RESPIRATORY DISEASE/SYMPTOMS 

This issue binder is designed to provide a comprehensive 
review of the major literature on environmental tobacco smoke and 
childhood and adult respiratory disease/symptoms. The book has 
been divided into subsections: (A) childhood respiratory 
disease/symptoms; (B) childhood pulmonary function; (C) compromised: 
children such as asthmatics and children with cystic fibrosis; 
(D) otitis media; (E) adult respiratory disease/symptoms; (F) adult 
pulmonary function; (G) compromised adults; and (H) confounders. 

Each section provides a short introduction to the topic. 
Major studies are preceded by a short abstract and followed! by 
published critiques of the study. Each of the studies is 
highlighted to facilitate understanding of the issue: 1) favorable 
points are highlighted in yellow, and 2) unfavorable points are 
highlighted in blue. Tables and charts in the notebook are also 
highlighted in yellow (favorable) and blue (unfavorable). 
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STUDY ABSTRACTS 


In the majority of cases, the abstract or summary that 
precedes the individual study is the actual quoted abstract of the 
article's authors. However, some authors did not present an 
appropriate summary or abstract in their article. In those cases, 
a brief summary of the article was prepared. The abstracts and 
summaries prepared by the individual authors of the studies are 
designated as "abstracts" and "summaries." 
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ETS AND COMPROMISED ADULTS 
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COMPROMISED ADULTS 


The literature on environmental tobacco smoke includes a 
body of research on asthmatic adults. Studies have been conducted 
in order to attempt to determine whether there is a relationship 
between passive exposure to ETS and the development of asthma or the 
exacerbation of existing asthma in adults. The studies are varied 
in their results, and accordingly, no definitive conclusions have 
been reached by investigators. Following are the studies that 
examine ETS and its possible relation to asthma in adults. 
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COMMENTS ON SELECTED STUDIES: 
Stahle, et al., 1978 


Shephardi, et all., 1979 


Bahms, et al., 1981 


Ing, et al., 1983 
Romer, et al., 1983 


Knight, et al., 1985 
Wiedemann, et al.., 1986 


Stankus, et al., 1988 


Bailey, et al., 1990 


ETS AND COMPROMISED ADULTS 

The authors suggest that 
tobacco smoke exposure 
might trigger asthma attacks 
by means of an' allergic 
reaction. 

Reported that asthmatic 
subjects did not appear to 
have an unusual sensitivity 
to tobacco smoke exposure. 

Five of the ten subjects 
specifically reported 
sensitivity to tobacco 
smoke before their inclusion 
in this study. 

This study investigated 
only six subjects. 

The authors concede that 
the small subject population 
of this study indicates that 
the results must be taken 
with caution. 

Only six subjects were 
studied. 

The authors report that 
passive smoking presents 
no acute respiratory risk 
to young asymptomatic 
asthmatic patients. 

Only 21 subjects were 
included and all hadi 
complained' of respiratory 
symptoms upon previous 
exposure to environmental 
tobacco smoke. 

No relationship was observed 
between passive smoking 
and pulmonary fu ncti on of 
asthmatic subjects. 
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Stable, I., Tibbling, L. "TOBACCO ALLERGY IN PATIENTS WITH'BRONCHIAL 
ASTHMA" Lakartidninaen 75(17): 1711-1713, 1978. 


ABSTRACT. In 21 per cent of 233 patients with exogenous asthma 
bronchiale asthma attacks were triggered by inhalation of tobacco 
extract. A positive intracutaneous test with tobacco extract was 
far more common (p<10-6) in patients with a positive than those 
with a negative response to provocation by tobacco extract. After 
three years of hyposensitization 84 per cent showed a negative 
response to provocation. The conclusion is that tobacco smoke may 
trigger asthma by means of an allergic reaction. Exposure to 
tobaccco smoke must be investigated on the basis of case reports 
on asthmatics. Asthmatics who are hypersensitive to tobacco smoke 
should be afforded a smoke-free work and leisure environment. 
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TOBACCO ALLERGY IN PATIENTS WITH BRONCHIAL ASTHMA 

by 

I. Stable and L. Tihbiing 


In 21! per cent of 233 pitienH wiih exogenous 
axthm* bronchiole asthma attacks were trig¬ 
gered by inhalation of tobacco extract. A posi¬ 
tive imracuuneoeji lest with tobacco extract 
was far more common (p < 10**) in patients 
with a positive than those with a negative re¬ 
sponse to provocation by tobacco extract; 


After three years of hypo»ensitieaiion 14 per 
cent showed a negative response to provoca- 

smoke 


amoke-frtc 


abooW-bo 
aid leisure 


Bronchial asthma is a diagnosis based on the symptomatology. Prom 
the standpoint of treatment and prognosis, the disease is usually classi¬ 
fied into an exogenous and an endogenous form, between which, however, one 
finds floating transitions. 

The exogenous form is triggered by a specific allergen and is most 
common among children and youth. 

The endogenous form, in which specific antigens cannot be demonstrated 
*as the triggering factor, is primarily seen in persons over 35 years old. 
Patients with this form of asthma often display the picture of a chronic 
bronchitis between attacks, and their asthma complaints are exacerbated 
during periods of infection. In a study of the effect of tobacco maoke on 
asthmatics, it is therefore reasonable to asstne that endogenous asthma is 
exacerbated if the patient is an active smoker, since tobacco smoking gives 
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TOBACCO AXJ2BGY IN PATIENTS WITH BRONCHIAL ASTHMA 
[Tobaksallergi hoc patienter med asthma bronchial*] 

by ’ 

X. Stahl* and L. Tibbling 
of 

Jtolmarden Hospital, Kolmarden, Sweden 
from 

Lakartidningen 75(17):1711-1713, 1978 


translation free Swedish 
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rise to a chronic bronchitis. For both the smoking and the nonsmoking, 
asthmatics, however, it is of interest to know whether tobacco smoke, 
besides its nonspecific bronchitis stimulating effect, can'give rise to 
asthma attacks on the basis of tobacco allergy. 

Purpose 

The purpose of this study was to investigate in a retrospective 
records study the incidence of asthma attacks after inhalation provocation 
with tobacco extract in patients with bronchial asthma and to put the 
results of the provocation tests into a relationship with the intracutaneous 
tests, sacking consumption, anamnestic cosplaints regarding tobacco smoke, 
and sensitivity to other antigenic substances* The intent was also to 
investigate retrospectively whether a three-year hyposensitization therapy 
with tobacco extract in nonsmokers would cause any change in provocation 
tests that were positive before the treatment. 

Material and Methods 

The retrospective study encocqpasses all patients who were referred 
during 1971 to the Kolmarden Hospital for an asthma examination and who, 
either after an intracutaneous test displayed positive reactions to sene 
„ specific allergen, or who had a history which gave rise to suspicion of 
hypersensitivity to some specific substance* No pure cases of endogenous 
asthma were included* 

The material included 125 men and 108 women, totalling 233. The age 
distribution and the average time for which the patients had had asthma at 
the time of examination are shown in Fig. 1* 
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In the study on the effect of hyposensitization with tobacco extracts, 
a sample was included which had been treated during the years 1969-71. 

It consisted of 31 patients (16 men and 15 woman) , all nonsmokers with 
positive provocation tests with tobacco extracts, with a history of tobacco 
hypersensitivity, and considered to be in need of a hyposensitization 
therapy. During a period of three years, these patients reoeived monthly 
subcutaneous injections of a maximum of 1 ml of tobacco extract. After 
the hyposensitization therapy, provocation tests were conducted once more 
but no intracutaneous tests were performed except in a few. isolated cases. 

The tobacco extract used was manufactured by Vitrim upon special order 
by the Kolmarden Hospital. The extract was made from American tobacco by 
suspending the tobacco in a physiologic saline solution, i.e., by the same 
operating principle as used to make other allergens.. This tobacco extract 
differs from the other Vitrun solutions used in this country for tobacco 
tests, the latter being made by allowing tobacco mnoke to bubble through 
a saline solution. 

For the intracutaneous test with tobacco extract, 0.1 ml of the 
extract diluted to 1 to 100 was used: A positive intracutaneous test was 
considered to be present with a spot size of more than 20 am diameter. For 
* the inhalation provocation, tobacco extract was used in a dilution of It10. 
If, after two inhalations, no bronchoconstriction occurred, the inhalation 
was repeated 5 minutes later with three inhalations and 15 minutes later 
with five inhalations. The provocation test was evaluated as positive: if, 
following the test, sibilant rhonchi could be auscultated over both lung 
fields or if the average of three peak flow measurements declined by more 
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than 20% compared with measurements before the provocation. Suspicion of 
tobacco hypersensitivity was considered present if the patient, when giving 
his history, reported suffering aggravation of his asthma complaints upon, 
his exposure to tobacco smoke. Such suspicion is called a "history of 
tobacco hypersensitivity" in the following. 

The allergen extracts from dust, mold, pollen, animal epitheliixn, and 
food substances were all standard Vitnim solutions. At the time when the 
study was performed, neither RAST or PRIST was available. 

Fischer's exact test was used for the statistical processing. 

Remits 

Skin Test with Tobacco Extracts 

Of 233 asthma patients, 39 displayed a positive intracutaneous test 
(Table X). Of these, 21 were found among the 48 provocation-positive 
patients and 18 among the other 189 in the study sample. The frequency of 
positive skin tests among the provocation positives ( 42 %) differs highly 
significantly from the frequency of positive skin tests among the provoca¬ 
tion negatives (10%): p < 10“®. 

Provocation with Tobacco Extracts 

Out of 233 patients, 48 had a positive provocation test with tobacco 
•attract, 21% (see Fig. 1 and Table 2). Ho difference existed between 

the sexes, the tobacco hypersensitivity was proportionally somewhat more 
cannon among the older patients. In ten of the 48 cases that were positive 
to tobacco extracts provocation, the tobacco extract was the only one of 
all the allergen extracts tested which Induced asthma attacks, constituting 
almost 4% of the entire sample. 
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Anamnestic Tobacco Hypersensitivity 

Zn 79% (39/48) of the provocation-positive patients, the history 
indicated hypersensitivity to tobacco smoke. The corresponding figures 
for the provocation negatives were 11% (21/105), which differs significantly 
(p < 10”*®): from the provocation positive. 

Smoking Habits 

In the provocation-negative group of 185 patients, 38% of the men 
end 35% of the women were smokers, figures which do not differ from the 
national average. In the provocation-positive group, 27% (13/48) were 

t 

smokers. 


Table 1. Outcome of intracutaneous test and inhalation provocation 
with different allergen extracts in 233 patients with bronchial asthm. 
Figures are given in per cent ___ 



To-. 

bacco 

Dust 

Mold 

Polltn 

Animal 1 

epithe¬ 

lium 

Pood 

sub¬ 

stances 

125 men: 

Positive intracutaneous 

test 

15 

20 

5 

54 

51 

40 

Positive provocation 

test 

24 

9 

3 

46 

21 

14 

106 women: 

Positive intracutaneous 

test 

24 

26 

14 

67 

44 

56 

Positive provocation 
test 

24 

23 

6 

46 

31 

23 


Other Allergens 

The result of the intracutaneous test end provocation with extracts 
from tobacco, dust, mold, pollen, animal epitheliw, and food substances 
is shown in Table I. Almost half were pollen allergies (121/233), every 
fifth an animal allergic (52/233), and/or tobacco allergic (48/233) and 
every seventh one was allergic to dust (32/233). 
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Fig. 1. Age distribution of IBS men and 108 women with 
bronchial asthma. The left-half of the column indicates 
the number of individuals within an age graip , the black 
columns the number of oases displaying •positive provocation 
test with tobacco extracts. The right blank half of the 
columns indicates the number of years for which the respec¬ 
tive age groups had bronchial as thru on the average (asthna 
years). 
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The greatest discrepancy between positive intracutaneous test and 
provocation test was present for the food substance extract. 
BypoBenaitiaation Therapy with Tobacco Extract* 

Of the 31 nonsmokers with positive provocation tests frcm tobacco 
extracts and who were sensitised during a three-year period, 13 (42%) had ! 
a positive intracutaneous test before the treatment. Tbe provocation test 
with tobacco extract after the treatment period had ended was negative in 
26 cases (64%). 

In only five cases of the 13 skin positive cases before treatment, 
were new intracutaneous tests performed after the treatment. Four of them 
had negative results. 

DiBeuBBion 

Reactions of the airways during exposure to tobacco smoke have been 
the subject of mmerous studies. Speer (1968) studied tbe subjectively 
reported complaints of 191 allergic and 250 nonallergic nonsmokers when they 
were exposed to tobacco smoke. Coughing was reported in 46% by allergies: 
and in 25% of nonallargics, sneezing in 23 and 4% respectively, eye irri¬ 
tation in 67 and 29% respectively. 

O'Connell and Logan (1974) studied the role of exposure to tobacco 

II 

■noke in 400 asthmatic and 228 nonasthmatic children. If any of the 
parents smoked; the complaints of the asthmatic child ware aggravated in. 

67% by exposure to smoke as opposed to 26% if neither parents smoked. This 
difference could be explained by the fact that the asthmatic children 
exposed to tobacco smoke daily have been sensitized to tobacco smoke. 

Sussman (1970) published the results of a hyposensitization tlmrapy of 16 

-7- 


Source: https://www.industrydocuments.ucsf.edu/docs/tgnxOOOO 


2023373510 



atopic persons, most of than with hayfever, who were clinically tobacco 
allergic. In ten of these, the symptoms decreased by Bore than 75%. in. 
the retaining six cases, the symptoms were cut in half after the hyposen¬ 
sitization treatment. These results speak in favor of an allergen in 
tobacco smoke. 

In 1976, Becker at al. isolated a glucoprotein with antigenic proper¬ 
ties from both tobacco extract and tobacco smoke condensate, to which' 
almost one-third of the smokers and nonsmokers reacted positively in intra- 
cutaneous tests. t . 

Tobacco Allergy? 

tn this study, provocation with tobacco extract ni used for J^e 
first time against the "shock organ", at which time every fifth asthnatid* 
reacted %rlth attacks of asthma. The highly significant difference in the? 
frequency of positive skin tests between provocation-positive and provoc^p 
tion-negative astlnutics testifies that the tobacco smoke transports^ 
potentially allergenic substances# 

The fact that B4% of the provocation-positive nonsmokers were provo¬ 
cation negative after hyposensitization further strengthens this belief. 
Possibly also speaking in favor of this is the observation that 73% of 

ST 

the provocation-positive patients ware nonmnokers and therefore should have 
been sensitised through passive smoking. This latter agrees wall vitfi 
O'Connell's and lagan's 41974) finding that children with asthma who 
exposed to tobacco smoke suffer more oomplaints if they come frcm amok fig 
than if they cone from smoke-free bee* environment# 

- 8 - 
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Tobaaoo Smoke Versus Tobacco Extract 

The fact that one-third of the asthmaties who reported anamnestic 
aggravation of their asthma complaints in smoke-polluted environments did 
not have a positive provocation test may have many causes. The composition 
of the tobacco smoke and the tobacco extract are different in part. 

Many of the gases that are formed upon condensation or combustion during 
noking have a nonspecific bronchus-irritating effect and are not found in 
the tobacco extract. Thus, for instance, the high content of nitrous 
gases in tobacco mnoke nay be suspected of triggering asthma attacks. 

St is therefore possible that asthma attacks are more common anopg 
patients who are expoeed to tobacco smoke than is indicated in this stud/£> 
with tobacco extract where several nonspecif ically acting gases eve elialP 
aataA^ Of course* this does not exclude the possibility that the tobacco 
extract may, in part, have been able to trigger nonspecific asthmatic 
reactions in those who remained provocation positive. One possibility of 
solving this riddle will be obtained when the HAST teat is available with 
reliable tobacco extracts. 

Trigger Mechanism 

Except for an antigen-antibody reaction and nonspecific reactions, 
an additional trigger mechanism may also be suspected of having caused 
the asthma complaints in passivs and active smokers, i.e., inf ection. 
Cameron at al. (1969) observed that acute upper respiratory 
were more common among children from homes with parents who smoked 
among children with nonsmoking parents. Harlap and Davies (1974) studied 
the incidence of bronchitis and pneumonia in 10,000 newborn children in 
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relationship to cigarette consumption of the mother. The more the mother 
noked, the greater the risk the newborn child ran of contracting a 
respiratory infection; rinklea et al. (1971) found that the antibody 
titers after a sustained infection were significantly lower in smokers 


than in nonsmokers. 

Ihe fact that in this study, 84% of the tobacco extract provocation* 
positive patients became provocation negative after hyposensitisation 
therapy could perhaps be ascribed in part to a reduced infection suscepti¬ 


bility with a smaller tendency to react to any possible nonspecific irri- 

/ * 

tation. An infection mechanism, however, could not explain the highly 
significant differences in the intracutaneous tests between provocation- 
positive and provocation-negative patients. It is also improbable that if 
nonspecific reactions consequent to bronchitis underlay a positive provoca¬ 
tion test, the latter would have been influenced at such a high frequency 
by the general treatment during the three-year period when the hyposensi¬ 
tization therapy was underway, since the majority of the patients had been 
treated for their bronchial asthma for at least six years before the tests 
had begun. 


the tobacco-promoting asthma attacks in smokers showed the ten^enpy 
of smokers to continue tobacco smoking despite ——tlr complicating 
wh ic h is an illustration of the strength of the nicotine dependence (Barbie— 
lias, Tibbling 1977f/ 


In some cases, presumably, the patient is unaware of the relationship 
between his asthma and smoke consumption (Blue 1970). 
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Smoke Polluted Air—a health hazard 


th* cum of tb* utlw Attacks la both tho active tadAe 
passiva aaoksr, eoa probably finds not only allergic hot aoo ap a c i f ic and 
Inf actions aachanlsaa Per the patient, the underlying cause should be 
of no interest unless a hypo sensitisation treatment is avai l a bl e to hist. 

Sowever, it appears appropriate in conformance with other allergy 
treatments, to el Inina te, above all, the agent which gives rise t o. tbe 
com plaint , i.e., tobacco anoke. For this, however, it will be necessary 

for the examining doctor to be aware that tobacco make can cause asthma 

/ 

attacks in at lMst every fifth asthmatic and that the majority of then are 
nonsmokers. 

Zn those eases when smokers in the environment of the asthmatic 


cannot be persuaded to abstain.from tobacco smoking, something which is 
unquestionably difficult, a hyposensitization treatment nay be a conceivable 
alternative. 
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Shephard, R.J., Collins, R., Silverman, F. "Passive" Exposure of 
Asthmatic Subjects to Cigarette Smoke" Envirorunenta1 Research 20: 
392-402, 1979. 

SUMMARY: Fourteen asthmatic subjects volunteered for a controlled 
trial of 2-hr passive exposure to cigarette smoke. Seven cigarettes 
were burnt in a closed room of 14.6-m3 capacity, producing: a carbon 
monoxide concentration 24 ppm above ambient and a suspended 
particulate concentration of 2-4 mg*m3. Most symptomatic responses 
were as in normal individuals, but there were more complaints of 
wheezing (36%) and tightness in the chest (43%). Changes of 
pulmonary function were slight. Relative to the corresponding 
control exposure, there was a small decrease of total lung capacity 
as assessed by helium mixing (P 0.02), possibly indicating an effect 
of the smoke on small airways. There was also some evidence of 
arousal and or emotional excitement, including a slight tachycardia 
(at 80-min exposure, P 0.05) and a slight increase of forced vital 
capacity (P 0.05 at 90-min exposure). However, dynamic lung volumes 
(FEV1.0, Vmax50%vc, Vmax25%vc) were unaltered. Examining separately 
the four subjects who claimed sensitivity to cigarette smoke, the 
only significant difference from the remaining asthmatic individuals 
was a greater FEV1.0 relative to the corresponding time in the 
control exposure. Our data thus do not suggest that asthmatic 
subjects have an unusual sensitivity to cigarette smoke. 
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“Passive” Exposure of Asthmatic Subjects to Cigarette 

Smoke 

y 

ROV J. SlIIfHARO. R. Coi LINS. ANI> F. SlLVLRMAN 

*if Fttu rntnc XS t Jn im mm! H****s*thui% v. f WirrWfr t?f #•*»«/ IXr 

Ki iv+rtk itntibth . Ont#*** 3/53 M/. l 

Rcvti*c«J March 4; IV7V 

Kninttii »vthm«ttiw tubjcciv volunteered Ttv a cunirotWd trial of 2-tir c cmH** wrc lt» 

cifarcltc itimtlc. Seven cifaretiev mere burnl in * closed room of capacity, pfinluv* 

in; a carbon nutmtikk ctmkcntrjrtiiHt ?4 fpnt nbtvc ambient and • vwvpenJcd (Mnicubtc 
concentration oT 2-4 mg■•» V Mint lyntpumyik rc»fkNh^ mere o in norma! individuals. 

Mil there mere more complainiv pf « heeling (36%' >and tipkmc«t in ihc ctest 143V). Change* 
of pulmonary function mere slight. Relative to the tiwrctponding cum rut c&pOMirc. there 
mas a small decrease of Iota) lunp capacil) avnv»cvwd by helium muinglf’ * R.02). posvibl) 
indie at inp an effect of Ihc smoke on small airmay*. There :ma« *1 m* some evidence of arousal 
and or emotional excitement, including a Uipht tachycardia tat KO-min eipovtirc. t • 0 05) 

-and a Uipht increase of forced Hint capacity (T • 0.05 art Whmih eaposarrl. Horn ever, 
dynamic lunp volume* (FivV,*. mm-i'mm, p.J *trc muttered. Examining sepa¬ 
rately the four subject* n ho claimed sensitivity to ciparctic *mole. the only significant 
difference from the remaininp asthmatic individuals mas a lertwh'* KEV,* relative to the 
corresponding time in the control rtpowtre. Oar data thus do not rappnt that asthmatic 
g rj gc tfc have aaanasyat icaUtivityto ciparctic smoke. 

INTRODUCTION 

There is now good documentation concerning the accumulation of particulate 
matter* irritant gases, and vapors that results from the smoking of cigarettes in a 
closed and poorly ventilated space (see Sebben rr <tl . 1977; Pimm ct nf.. 1978; 
Shephard tt u/,, 1978), Nevertheless, physiological responses to such pollutants 
are remarkably slight in normal adults. The breakup of the tear film is significantly 
accelerated (Basu claL. 1978). hut both acute (Pimm rtuL. I978i Shephard rr uU 
1979a)and chronic (Schilling et oL. 1977) changes of airway resistance arc usually 
small and statistically insignificant even when high concentrations of smoke have 
been used and subjects have been required to perform intermittent exercise during 
exposure (Shephard rr n/.. 1979a). 

Argument continues over ihe existence of respiratory allergies to tobacco 
smoke (Speer. 1968; Zussman, 1970; Blue. 1970; Save). 1970). Although formal 
immune responses have yet to be demonstrated, wheeling following ••passive*" 
exposure to cigarettes is more than twice as frequent in asthmatics as in non¬ 
asthmatics (Shephard rr of.. 1979b). It was thus thought of interest to make an 
assessment of symptoms and objective airw ay responses in a group or asthmatic 
adults passively exposed to controlled concentrations of cigarette smoke. 

METHODS 

Suhjrt is amt experimental plan. The subjects were 14 volunteers attending the 
Asthma Clinic of The Cage Research Institute. Physical characteristics and 
baseline lung function data arc given in Tabk I. The diagnosis was reached ae- 
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TABU. I 

■ PunilAl DukMIlKMHMM Si'ftfl t 1 % Ifcli: V* Z SO, K\Mkl|; VM> HtStllM hiun\m 
Him litis IKiaIIVimviwm I’m imi ii i>? - SI)| 


Ph> 

Men 

Women 

All fcuhjectfc 

characteristic 

<« * Vi 

** ' 5l 

<»" 14) 

Ape l>car>) 

44 * M 

»•* 



<27-*S) 

,1V--Ml 


Height tern j 

173.* i in n 

W.J.6 f k.n 



<I*I-IV4) 

1157- |7Ki 


Weight (Kg) 

73.7 r 1113 

,2:3 s 7.7 



lS4.) L K*.ll 

lS6.5-75.Ji 


FVC 

W i IV 

107 - i; 

IUI - 17 


157-12X1 

rvi-iMi 

137-12Xi 

FEV,. 

IK * IV 

•4 s 21 

74 r 21 


130-VII 

IMi-IIJl 

130-113) 


44 • 23 

Mi s JV 

52 e 30 


i«*-xn 

(21-IMH 

III*-IBM 

FRC 

VO £ I II 

WO - IK 

Vie 14 


<7*-HM| 

1*5-1251 

<7h-I25i 

RV 

V3 r 27 

VK - 27 

V3 i > 


<*3-13211 

W7-IJ6I 

1*3-1521 

TIC 

w - in 

102 r in 

too - in 


fK7-llK> 

IV4M IVi 

1X7-1 IV) 


* liascd on norms a«JopitfJ for Toronto bKmttoric* b> Toronto IntcrKoxpual Respiratory Disease 
Committee. 

cording to the standard criteria of The Gage Research Institute, namely: (i) a 
history consistent with diffuse intermittent airway obstruction, and <ii) diffuse 
expiratory bronchi and/or reversible airway obstruction demonstrated by a >15% 
increase of FEV,.* or ^ ^vr 20 min following inhalation of salbutamol. 
Associated chronic bronchitis or pulmonary emphysema was not a contraindica¬ 
tion to participation but no tests were carried out during acute respiratory infec¬ 
tions or exacerbations of the asthma. All subjects continued with their normal 
medication on experimental days (Table 2), The median mcthacholine sensitivity 
(as judged from the concentration needed to induce a 20% full of FEV, .) was 3.1 
mg/ml, and the gain of with four pufTs of satbuiamot ranged from 10 to 

341% (median 30%^ 

Each subject sat in a small (14.6 m*| room Tor 2 hr on two occasions: at one visit, 
the room contained ambient air, and on the other occasion it was heavily contami¬ 
nated by cigarette smoke from a smoking machine, the order of the experiments 
being determined by lot. A battery of lung function tests was performed before, 
during, and after exposure, and heart rates were also monitored at ID-min inter¬ 
val*. Subjects were questioned as to symptoms they anticipated on entering the 
chamber, and those they actually encountered on leaving the chamber. 

Sm»Lv xt-tu-rofitui The cigarette smoking machine was of I lie type described by 
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U’yndcr and Hoffman (1967). Prior to exposure, four cigarettes were “smoked** 
stniufniacously. with combustion of one further cigaicllcat 30-min intervals in 
order 1 14i maintain smoke concentrations. A small peristaltic pump connected to a 
series capacity vessel drew one brisk (2-scc) but controlled (35*m4 puffthrough 
the apparatus, discharging the ••mainstream*" smoke into the room after passage 
through the solenoids, capacity vessel, and pump; ‘•Sides!ream** smoke escaped 
directly into the room. 

The cigarettes used were a popular K5-mg filler type, with reported values for 
brand nicotine content of 19 and 14 mg, respectively: they were smoked to a butt 
length of about 23 mm. Preliminary* experiments established that with the pattern 
of comhustion used, a carbon monoxide concentration of 24 ppm above ambient 
was developed and sustained. The initial suspended particulate concentration was 
>4 mg/m\ but values dropped to -2 mg/m 3 over the 2-hr exposure period. 

ftihmmtry fiint tion studies, At the beginning and the end of each 2-hr experi¬ 
ment the relaxed vital capacity (RVC). functional residual capacity (FRO. re¬ 
sidual volume (RV), and total Ibng capacity (TLO were measured by a closed- 
circuit helium katharomeicr System (Collins modular lung analyzer). 

Flow/volume loops wiere measured on entering the exposure chamber, and at 


TABU: 3 
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0 
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0 
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30-ntin intervals thereafter. Flow and volume signal*, were obtained from a Flcivch 
tNo. 3) pneumotachograph and integrator. the corresponding loops being dis- 
played on a Tcetronix storage oscilloscope. At each lest, the subject was seated 
and performed three maximum forced vital capacity tFVCl maneuvers. The loop 
with the hugest FVtf was analyzed for measurements including FVC ;: the l-scc 
forced expiratory volume (FtV,«). and maximum flow rales at 255MV«.,v»*vvil' 
and 5tTr ll'au, x.wl of vital capacity. 

ilftiri rule a. The electrocardiogram was monitored by a Sanborn 300 Visicar- 
dietie recorder throughout exposure, using chest leads fixed iniihe CM* position. 
Recordings w ere made at 10,20.40. SO. 70; 80.100. and HO min for the purpose of 
counting heart rales. 

Symptoms. Subjects were asked to describe the symptoms they anticipated 
prior to entering the smoke-filled chamber. At the end of exposure, they were 
handed a list of 12 possible symptoms, and were required to rate each on a6-point 
scale, ranging from absent (0) through trace Cl), tnild (2). moderate (3); severe (4), 
and incapacitating (5). 

RESULTS 

Symptoms 

The number of symptoms reported on the questionnaire were somcwhal greater 
than the reactions anticipated by the subjects prior to exposure (Table 3). The 
biggest discrepancy was for eye irritation, marked as present by all except one 
subject on the final questionnaire, but anticipated by only 4 of 13 subjects. 

The commonest anticipated complaints were cough and nasal discharge or stuff¬ 
iness. Shortness of breath, wheezing, or lightness in the chest were expected by 
only five of the group. 

Slti lir Ijmx Volumes 

initial values for static lung volumes were on average close to normal predicted 
results (Table It. At the end of the 2-hr sham exposure. RVand TLC tended tc 
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increase., but not Mgnificantly so (Table 4). The I RC andTLC on (he experimental 
day were largei than those measured prior to the sham exposure, the difference 
being particularly significant I/* ^ (1.(111 for the TI.C. These discrepancies were 
reversed over the 2*hr passive exposure to cigarette smoke, ami at the end of the 
experiment the TLC was less than on the sham exposure day iP < 0,02 k 

tHmimit Ijnig Volumes 

T he initial FVC was close to predicted normal values, but as would be antic?* 
pitted thete was a substantial impairment of FEV,* and V*** (Table I). Two 
hours of sham exposure tended to increase late expiratory flow rates, the trend 
being of marginal significance IP < 0.11 for V** v *<.*#• and \'mn»\ (Table 5). 
There was remarkably little chiingc or dynamic volumes during passive cigarette 
smoke exposure relative to the corresponding sham exposure, the one statistically 
significant finding tiP < 0.05) being a small increase of FVC at 90 min of exposure. 


Heart Rates 


Heart rates did not change significantly over the 2-hr sham exposure 



Subjects Ctaiminv Ci^arettH Smoke. Sensitivity 

Diitai were analyzed separately for the four subjects who anticipated the symp- 
lorn of w heezing during passive cigarette smoke exposure, and the ten w ho did not 
anticipate this response. On the experimental day. the ^sensitive" subgroup 
tended to an increase of residual volume, functional capacity, andi total lung 
capacity relative to other subjects (Table 7j. However, they showed a similar 
difference of behav ior during the sham exposure, so that when each individual's 
sham exposure was used as the control data cEt^Cu*#). residual volume, func* 
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tional residual capacity, and lota! lung capacity on the experimental day were 
reduced at least as much in the “sensitive** subjects as in the remainder of the 
sample. 

Taking data for the experimental day, the •"Sensitive** subgroup tended to a 
decline of dy namic lung volumes relative to the behavior of the other subjects, the 
discrepancy approaching significance for the l**r #V r (Tabk 7i. Again, there 
was a tendency for a similar discrepancy between the two subgroups on the sham 
exposure day, so that when the individuaf* sham exposure data was used as a 
control (E,*/C,r/tf h all values for “sensitive** and ""other** subjects agreed to 
within 5-65f; the only statistically significant difference was a small increase of 
FEVmi in the ""sensitive** subjects. 

DISCUSSION 

Bvhmior HrUithr to A 'omntlmwtit Suhjn tx 

The frequency and severity of most sy mptoms was much as reported for normal 
subjects exposed to a comparable concentration of cigarette smoke (Pimm ct nf, 
1978; Shephard i*r «/.t 1979aJ (Table Hi. w ith t he exception t hat almost a half of the 
asthmatic sample complained of wheeling and tightness in the chest. Coughing 
was more severe in the normal subjects, although this is probably related to the 
fact that they performed intermittent exercise and thus received a greater dose of 
smoke than the asthmatic individuals. The biter were observed while sitting at 
rest because of the problem that exercise would of itself have provoked broncho- 
spasm in this group. 

The physiological changes observed in normal subjectv during smoke exposure, 
although occasionally reaching con ventional levels of statistical significance, were 
of doubtful biological importance (Pimm rt n/.. I V7K; Shephard i7 «//,. IV79ai). 
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Percentage affected 

Normal subjects 

Asthmatic subjects 
rest 

r;i 

Average symptom score 

$y mpow 

Rest 

i'h 

Intense exercise 
t r ;i 

Normal subjects 
Intense eservise 

Asthmatic subjects 
rest 

Na4.it discharge or 
stuffiness 

55 

55 

24 

0.35 

0.41 

Short new of breath 

15 

IT 

21 

0.35 

0.50 

'Vhftwiif 

to 

0 

5 * 

0.00 

0.44 

Tifhtneo in chest 

5 

0 

45 

0.00 

0.4* 

Cough 

45 

5 « 

5 ft 

1.04 

0.54 

Sputum 

40 

It 

21 

0.04 

0.51 

t.yc irritation 

05 

02 

05 

2.47 

1,02 

Nausea 

to 

0 

0 

0.00 

0.00 

Diwiwo 

to 

25 

0 

0.43 

0,00 

Headache 

15 

25 

21 

0.54 

0*44 

Fatigue 

0 

17 

21 

0.55 

0.44 


* Percentage wf subjects reporting the sy mptum. average symptom sente based on the reported intensity of n given symptom I ran piny from 0 * absent 
10 5 • incapacitating!. 
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Findings included some increase of heart rale and respiratory minute volume, 
probably of emotional origin, a tendency of increase in functional residual capac¬ 
ity and residual volume in some experiments, and small decreases of dynamic lung 
volumes. The asthmatic subjects also showed emotional reactions to the cigarette 
smoke, including the tachycardia, and possibly the preexposure increase of FRG 
and TLC. Taking the group as a whole, there was no evidence of impairment of 
dynamic lung volumes during the passive cigarette exposure. It might be argued 
that emotional reactions to the smokc-filk'd chamber were sufficient to mask such 
a respon.se. However, we did not form the impression that subjects were unduly 
alarmed by the experiment, and the observed tachycardia after 2-hr passive smoke 
exposure was slight. We did not measure serum or urinary nicotine levels, but 
again the absence of any marked tachycardia speaks against a nicotine-mediated 
release or epinephrine. Russell and Feyembend (1975) concluded that the rapid 
excretion of nicotine made a systemic pharmacological action an improbable 
sequel to sustained passive cigarette smoke exposure. We would thus conclude 
that there was little likelihood of a sufficient increase in sympatho-adrena) activ¬ 
ity. emotional or pharmacological, to counteract cigarette smoke-induced bron- 
chospasm. 

The most interesting obser vation is the small decrease of TLC as measured by 
helium dilution (Table 4). This could imply an effect of the smoke upon the small 
airways, with an increase of gas trapping, and it would be worthwhile to extend 
observations using some more specific measures of small airway function such as 
helium flow-volume curves. 

Sensitive Subjects 

Although several of the asthmatic subjects claimed wheezing and tightness in 
the chest w*ould result from passive exposure to cigarette smoke, the physiological 
data give little support to the concept of a subgroup w ith particular sensitivity. 

On the experimental day. the group claiming sensitivity showed a tendency of 
increase in static lung volumes, and a decrease in dynamic volumes. However, 
changes were of almost equal magnitude during the sham exposure. We may thus 
hypothesize that the observed reactions arc due to the suggestibility of the sub¬ 
jects rather than a pharmacological or allergic reaction to cigarette smoke. In 
support or this view’, the only significant difference in the “sensitive" group was a 
greater FEV,.. relative to the corresponding time in the control exposure. presum¬ 
ably dbc to greater sympathetic activation and/or arousal in the smoke-filled envi¬ 
ronment. 

Implications for Air Quality Lryislulion 

While there may be valid grounds for controlling the cigarette smoke concen¬ 
tration in **public" air (Shephard cl ul.. S$79a)i the present data offer little support 
to the view that asthmatic subjects need special consideration in this regard. 
Complaints of lightness in the chest and w hcc/ing were nunc frequent than in 1 he 
general: population, but the only statistically significant physiological response 
was.a very small decrease of TLC. Further, this change was not significantly 
greater in those complaining of chest symptoms. The subjective reactions thus 
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*ccm but one more manifestation of annoyance. almost universal at the concert' 
nation evaluated. ^ ^ y ^ 

value used iv^c 

TiigheM likely figure to which an asthmatic subject will be exposed (Sebben vt af., 
1977). and indeed with adequate ventilation smoke concentrations can be held to 
substantially lower figures. 

We would thus conclude that the specific sensitivity of asthmatic subjects is not 
a major consideration when determining air quality criteria for rooms contami¬ 
nated by cigarette smoke. 
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ABSTRACT. Ten patients with bronchial asthma and ten control 
subjects were exposed to sidestream cigarette smoke (passive 
smoking) for one hour in an environmental chamber. All subjects 
showedi the same increase in carboxyhemoglobin as a result of the 
exposure: 0.40 percent. The asthmatic group demonstrated a 
significant linear decrease in pulmonary function during this 
exposure. After one hour of smoke, FEV1 decreased 21.4 percent, 
FEF25-75% decreased 19.2 percent, and FVC decreased 20.0 percent 
in the asthmatic patients. These alterations were readily 
reversible in all subjects when given inhalations of metaproterenol 
following the exposure. The control subjects showed no change in 
pulmonary function when exposed to identical conditions. These 
data> show that nonsmokers with bronchial asthma are at risk when 
exposed to sidestream cigarette smoke in an environmental chamber. 
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CLINICAL INVESTIGATIONS 


Passive Smoking 

Effects on Bronchia! Asthma* 


T. £. th*D.; J. F . Bolin, <xnd JL C. Sl&vin* MiD. 


Ten patients with bronchial asthma and tan control 
subjects were exposed to sidestream cigarette smoke 
(passive smoking) for one boar In on environmental 
chamber. All subjects showed the same increase in car* 
boxyhemoglobin as a result of the exposure: 0*40 per¬ 
cent The asthmatic troop demonstrated a significant 
jffaear decrease la pulmonary fuetka daring this as* 
t fomm. After one boar of smoke* EEVs decreased 2L4 
pirnsV FEF25*75% decreased 1&2 percent* andJFVG 

The evidence regarding cigarette smoke expo- 
* sure producing pulmonary changes leading to 
bronchospasm in asthmatic patients is only anec¬ 
dotal. Speer 1 reported results of an investigation 
using a questionnaire given to allergic and non al¬ 
lergic patients detailing tbeix reactions to cigarette 
smoke. When exposed to passive smoking ccndi- 
* tions, the allergic, nonsmoking subjects reported a 
greater incidence of eye irritation, nasal symptoms, 
cough, wheezing, sore throat, and hoarseness than 
did the nonallergic, nonsmoking subjects. The avail¬ 
able data suggest an increased sensitivity of patients 
with bronchial asthma to cigarette smoke; however, 
there is currently no objective information to sup¬ 
port the subjective data of Speer. 1 

Passive smoking, the inhalation by nonsmoken of 
the combustion products of cigarettes from side- 
stream smoke and exhaled smoke, is a common form 
of indoor air pollution. Long-term passive exposure 
6f both aduhs? and children* to cigarette smoke can 
/lead to a significant reduction in the function 'of 
4 small airways. However, if any group would be at 
immediate risk from cigarette exposures, fit would 
be one whose members have an irritable airway. 
This report concerns the acute pulmonary responses 
of bronchial asthmatic patients and control sub¬ 
jects in a passive smoking environment. These ex¬ 
periments were earned out in an attempt to de¬ 
termine whether a factual basis exists for the 
anecdotal and subjective information reported by 
Speer 1 regarding bronchial asthmatic patients. 

•From the Department* of Physiola«y and Internal Medicine, 
St. Loui* University School of Medicine. St Louis. 

Krpnrtf rtqunts; Dr. Slavin. Internal \ttdicing/Allergy, 3555 
Viita Aceitue, St Louis 63104 


^d ec r eased 20.0 percent to the astbmHe patfeaC These 
alterations were readily reversible la all subjects when 
given inhalations of metaproterenol following the ex¬ 
posure. The control subjects showed bo change In pel* 
jdonary function when exposed to identical conditions 
'These data show that nonsmoken with bronchia! asthma i 
aroint risk when exposed to sidestream dprtttt toeki 
to an envlronmeatal chamber. 


Methods 

To determine more objectively the effects of passive smok¬ 
ing on persons who have a reactive respiratory tract ten 
patients with bronchial asthma and tan control subjects were 
exposed to mechanically produced cigarette smoke in an 
environmental chamber. The control subjects were healthy, 
nonsmoking men and women 14 to 53 years old, who volun¬ 
teered from the medical community. Five of the control 
subjects complained of general Irritability when exposed to 
passive smoking environments. Nonsmoking asthmatic sub¬ 
jects, recruited from the St Louis University Hospital Allergy 
Clinic, were men and women ranging in age from 18 to 26 
yean. Five of the asthmatic patients were included because 
they repo r ted specific complaints when exposed to cigarette 
smoke; the remaining asthmatic patients were recruited at 
random. All subjects were fully informed, and the guidelines 
of informed concent were followed. 

All asthmatic subjects had a previous medical history of 
bronchospasm and a positive methacholine challenge test A 
positive methacholine test consisted or at least 20 percent fall 
in FEV t as a result of inhaling a nebulized solution of 25 
mg/ml or less of methacholine. A graded methacholine 
challenge test 4 was carried out at least one week before the 
smoke exposure on only the asthmatic subjects. ;V 

The general protocol consisted of an initial history and 
physical examination of the subjects to ensure that the 
subjects were asymptomatic The asthmatic subjects contin¬ 
ued taking their medication but refrained from using any 
bronchodilatOTs for four hours before the experiment Then 
the pretxposure blood sample was drawn far carboxyhexno- 
fiobio (COHb) analysis. The subjects entered the chamber, 
and the control pulmonary function test* were performed 
after 15 minutes. The smoke generator was started, and at 15- 
minute interval the pulmonary tests were repeated. Since all 
of the testing was cwritd out in the chamber, the subjects 
remained in the chamber for the entire 60 minute s of the 
exposure. After the final pulmonary function tests at 60 
minutes, a second blood sample wu collected for COHb 
analysis. 

The environmental chamber used was 30 m* to volume, 
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with precise tumidity, temperature, air flow, and air turnover 
control enabling control oveT the exposure environment Oth^ 
«* conditions used were a temperature of 21 *C, relative 
humidity of 50 percent and an air turnover of once every 12 
minutes. The smoke was produced from cigarettes {15 mg of 
ter and 0.15 mg of nicotine) smoked with a 30-ml puff 
volume at one cycle per minute to a butt length of 30 nun. 
The passive smoke concentration was estimated from the rate 
of production of carbon monoxide (CO) and particulates in 
combination with die room volume and the air turnover 
r-te.* The room levels of CO were confirmed by the increase 
in COHb of each of the subjects. pTeexposure and postex¬ 
posure venous blood samples were drawn, and the hemoglo¬ 
bin and CO content of the samples were precisely deter¬ 
mined: 9 All subjects averaged as increase of 0:40 percent 
COHb during the exposure, which, according to the model of 
Jones and! Fagen 7 showed that the environmental CO con¬ 
centration averaged between 15 arid 20 ppm over the 60- 
minute exposure. The particulate matter in the atmosphere of 
the chamber was probably ko than what would be expected, 
•wing to the precipitating action of the circulating fans and 
the refrigeration coils in the chamber. No measurement of 
particulate matter was made. 

* The asthmatic patients were given metxproterenol (Alu- 
pent) from an inhaler immediately following the postexpo¬ 
sure blood sample and were rtanoved from the chamber. 
Fifteen minutes later pulmonary function tests were re¬ 
peated. 

AH pulmonary function tests were performed on a water¬ 
less spirometer (Jones-Fulsaonor). Only three parameters 
were assessed: forced vital capacity, FVC; forced expiratory 
volume after 1 second, FEV,; and mean forced expiratory 
flow during the middle half of tbc FVC, FEF25-75V At each 
measurement period three repetitions were carried out and 
the highest values • were used in the analyses.* A simple 
spirometric test was chosen to minimize the interference of 
die testing procedure with the potential physiologic changes 
due to the cigarette smoke. All of the patients had become 
thoroughly familiar with the apparatus daring routine testing 
In the clinic, which reduced to a minimum problems with 


patient compliance and task learning. 

All data were analyzed via analysis of variance, end 
significance for each parameter at any given time was deter¬ 
mined via TukeyY tf test Levels of significance were deter¬ 
mined as a result of smoke exposure by using-a within-gioup 
design: asthmatic values during smoke exposure were com¬ 
pared with asthmatic control values (paired analysis}. 


Results 



stes. 

The decrease in FEF25-755 may have been due 
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Duration of Passive Smoke Exposure 


15 min After 

Test 

0 

15 min 

10 min 

45 min 

60 min 

BronehodHator 

FVC 

Control group 
% Change 
Asthmatic group 

51 Change 

4,490 (±291) 

2,395 (±190) 

4*550 (±304) 
4*3 

3,135 ( ±185) 
-7.45J 

4,490 (±290) 

0 

3,005 (±190) 
-10:92 

4,530(±292) 

0.9 

2,820(±192) 
-1 122 

4,530 (±292) 
0.9 

2,715 ( ±217) 
- 20.01 

1473 (±354) 
+2.4 

FEVi 

Control group 
% Change 
Asthmatic group 
% Change 

3,625 (±222) 

2,475 ( ±173) 

3,765 (±304) 
19 

1»5(±I76) 

-16 

3,795 (±199) 
4.7 

2,190 (±172 ) 
—12.92 

3.795 ( ±195) 
4:7 

2,060(1108) 

17.52 

1815 (1204V 
52 

1,955 (±175) 
—21.42 

1336(1221) 

-5.6 

F£F25*7S5£ 

Control group 
% Change 
Asthmatic group 
% Change 

4J» (±43) 

1.95 (± .24) 

4.11 (±.36) 
0i 

1.77 (±.26) 
10.0 

*4.15 (± JO) 
M 

1.74 (±56) 
-10 9f 

4.16 ( ± JO) 
1.7 

i.64 (± m 
-l«.4t 

4.18 ( ±411 
2L2 

1.61 (± 26V 
-19 22 

2:03 <± .341 

r -1,4 1 


•Values given are ± SEAL All values in asthmatic group are significantly different from control values at all measurement periods 
vP<0.01>. 

tVaJues sisnificantly different from preexpoeuie (P<0.05). 

^Values signifirantly different from preexposure <P <0.011. 
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Table 2 —Subject Description and Bmiciins Bulmewj Function Petite* Before Exposure fe Fuith Smoking* 




At 

Roast, yr 

VC 

FEV. 

FEF2S-75% 

Group 

X 

Mean % Pred 

Mean % Pred 

Mean 


Control subject 

30 

24-53 

4,490 93.0 

±291 

*,625 ns 

±222 

4:09 

±0.05 

104.9 

Asthmatic patients . 

10 

1649 

S,393 f 79.2 

±190 

2,475t 73.7 

±173 

x.#st 

±054 

BIS 


•VaJua ± SEM. 

tVaiut significantly different from controls at P <0*05. 


in part to decreases is lung volume, since the FVC /use subjective degree of jqt and nasal irritation, 
also felL However, on an fodividuatby-individuai fhofa the control and asthmatic groups f a cr caa td 
basis, the changes in FEF25-755 did not correlate in , their COHb concentrations to the same extent as a 

dbesnh of the exposure (Table 3):Tbe control group's 


aS cases with a decrease in FVC. For example, die 
60-minute exposure values of FVC in two of the 
asthmatic subjects fell 36 percent and 22 percent, 
but their respective FEF25-75S fell only 4 percent 
and 6 percent However, the three largest respond¬ 
ers in FEF25-755, 44, and 25 percent, also had FVC 
decreases of 33, 23 and 24 percent respectively. Two 
of the subjects had greater percentage decreases in 
FEF25-755 than in FVC, the inverse of the other 
eight subjects. Therefore, not all subjects showed die 
same pattern of pulmonary responses to the smoke 
exposure. 

The asthmatic subjects* preexposure pulmonary 
function values were considerably lower than those 
values of the control subjects (Table 2). The aver¬ 
age values for the asthmatic subjects also were less 
than the predicted normal values* for the measure¬ 
ments used in the study: FVC* 79-2 percent; FEVi, 
73.7 percent; and FEF25-75S, 5L5 percent of pre¬ 
dicted. This is in contrast to the control subjects, 
whose values all were within 93 to 104 percent of 
predicted values. Therefore, the decreases in pulmo¬ 
nary function in the asthmatic subjects as a resultof 
the passive smoking presented further risk to already 
compromised respiratory system£6ne asthmatic pa¬ 
tient had an audible wheeze at 60 minutes of expo¬ 
sure. 

Following the exposure to the passive smoking 
conditions, the asthmatic patients were given meta- 
proterenol via an inhaler. Fifteen minutes later the 
pulmonary function tests were performed. Two of 
the asthmatic subjects improved with the hronchodi^ 
lator but did not return to their preexposure status; 
however, the remaining asthmatic patients returned 
to baseline or above. The subjects who did not 
return to baseline had the greatest decreases in 
FEVi and FVC and were among the highest re¬ 
sponders in FEF25-755. The group responses show^ 
ing a return to baseline values are shown in Table 
L 

All subjects, control and asthmatic, Incurred g* 


COHb increased 0.43 percent, from 0.62 percent to 
105 percent (P < 0.01), and the asthmatic group 
increased 0,38 percent from 0.82 to L20 percent (P 
< 0.01). There was no statistical difference in the 
elevation in COHb between the groups, suggesting 
Identical exposure for each group: There was also no 
relationship found between the slight differences in 
individual increments in COHb and their corre¬ 
sponding decrements in pulmonary function. 

The methacholine challenge test results indicate 
that this group of asthmatic patients was moderately 
sensitive to methacholine. Five of the asthmatic sub¬ 
jects responded with a 20 percent decrease in FEVi 
(threshold criterion) with the lowest dose of 0.075 
mg/ml in die nebulizer, one responded at 0.15 
mg/ml, two at 0.62 rog/ml, and two at L25 mg/mL 
The dose required for confirmation of asthma is 25 
mg/ml, a value considerably above that for anyone 
in this group of asthmatic patients. No significant 
relationships were found between methacholine sen¬ 
sitivity and pulmonary response, primarily because 
of the small size of the sample. Seven of the subjects 
show such a relationship, but the inclusion of the 
other three skew the data and remove any signifi¬ 
cance. 

Discussion 

The evidence from this investigation dearly dem¬ 
onstrates that passively encountered dgarette smoke 
produces an increase in airway resistance in patients 


TaMe 3— Inemtrt U Cmrbojrjhtmoflobiu mm 
1Utult of Expoture (. Sidrttmm CifrttU Smmltm* 


Group 

Preexpoaure 

% COHb at 60 Inert***, 
min of Expoaurt % 

Control subjects 

0.B2r#±0.08 

1.061 ±008 

0.43 

Asthmatic patients 0.82*7 ±0.10 

«0t±009 

038 


•Valuta ± SEMi 

tValue* ticnificaatijr different from pnexpoauic niutm where 

P<0.01. 
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jfrilh bronchial arthnm!*This increase in resistance 
|prts demonstrated by a significant decrease In both 
»EVi and FEF25-755 after 30 minutes of exposure 
to the cigarette smoke. The decrease in pulmonary 
function was linear over the 50-minute exposure, 
Reaching a total decrement of approximately 20 per¬ 
cent of control values In all parameters at 80 min- 
ntes. The identical conditions produced no measur¬ 
able effects in control subjects. 

In an attempt to explain these results, compari¬ 
sons can only be made with the effects of active 
smoking, since so little information is available re¬ 
garding acute physiologic responses to passive smok¬ 
ing. The difference between the two conditions 
might be one merely of degree, te, smoke concentra¬ 
tion. Nadel and Comroe 1 * demonstrated that air¬ 
way resistance increased immediately when healthy 
subjects smoked a single cigarette. This bronebo- 
* constriction was thought to be due to a reflex ini¬ 
tiated by the particulate matter in the smoke. 1 ** 11 
The increase in airway resistance seen in the asth¬ 
matic subjects in this study required 30 minutes of 
inhalation of the diluted sidestream smoke to pro¬ 
duce significant decrements in the pulmonary pa¬ 
rameters used to assess airway resistance. When a 
cigarette is burned under the conditions used in 
these experiments, the sidestream smoke will contain 
more than three times the particulate mass of the 
mainstream smoke. The mainstream smoke inhaled 
in active smoking is diluted in only the tidal volume 
before reaching the airways, whereas the sidestream 
smoke particles are diluted In the volume of the 
entire room. This results in a HP-fold difference In 
the inhaledjparticulate concentration between active 
smoking and passive smoking. If the particulate 
matter were the stimulus for the responses seen in 
riie asthmatic subjects, their airways would Have to 
be considerably more sensitive to particulates than 
the controls. 

The broncho c or utri ction resulting from the active 
smoking of one cigarette in healthy nonsmokers is 
thought to be a reflex 11 * 11 mediated via particulates 
stimulating parasympathetic pathways. Bronchial 
asthmatic patients are characterized by hyperactivi¬ 
ty of the bronchi to various stimuli resulting tti 
increased airway resistance that is manifested in the 
extreme as paroxysmal and reversible wheezingand 
dyspnea. The specific mechanisms that can lead to 
bronchial asthma are unknown, but several factors 
can definitely cause a significant increase in airway 
resistance in asthmatic patients. Inhaled aerosols of 
histamine, acetylcholine, metfaacholine, and dust 
particles cause much greater bronchoconitriction in 
asthmatic patients than in normal subjects.* Asth¬ 
matics with their obstructive type of ventilatory 


function have been found to have a larger than 
normal intrapulmonary deposition of inhaled partic¬ 
ulates, and the range of sites of deposition is shifted 
prorimally. 1 * Therefore, the asthmatic subjects 
probably responded to the passive smoke because 
they had an increased sensitivity of bronchiolar re- 
ceptors and perhaps a greater number of particles 
deposited on the hypersensitive airways. 

Although particulates have been implicated 1 ** 11 
as the primary stimulus, the gaseous phase cannot be 
completely ruled out as a possible causative agent In 
the response of the airways in the bronchial asthmat¬ 
ic patients to passive smoking. 

The effects reported here were not influenced by 
the maximal inspiratory and expiratory maneuvers 
used in the testing procedure. The subjects, control 
and asthmatic groups, repeated the FVC maneuvers 
three times with a 15- to 30-second interval be t ween 
maneuvers. If any of these influences had played a 
role, a definite order effect would have been seen in 
the FEVi and FEF25-75* values. No order effect 
was seen, suggesting that deep inspiration and expi¬ 
ration had no effect on the results of this investiga¬ 
tion. 

We were not able to exclude the possibility that 
these changes in pulmonary function were emotion¬ 
ally related to cigarette smoke. Horton et al M have 
shown a high correlation between emotional re¬ 
sponses in specific airway conductance and sensitivi¬ 
ty to methacholine or histamine. The emotional re¬ 
sponse described by Horton et al 14 was manifested 
immediately, whereas the subjects exposed to the 
sidestream cigarette smoke in the present study did 
not show a significant change in airway resistance 
until 30 minutes of exposure. Although an emotional 
component could have been present, increasing with 
duration of exposure, the portion of the response 
due to emotion cannot be determined. Also the 
range of methacholine sensitivity in the asthmatic . 
patients in this study who specifically complained of 
cigarette smoke irritation was quite large, it, it was 
not the subjects most sensitive to the methacholine 
who felt particularly bothered by the smoke. 

The exposure’ conditions were representative of 
moderate environments, and alt the asthmatic sub¬ 
jects felt that they had been exposed to similar ft? 
environmental conditions in their lives. However, © 
many asthmatic patients avoid such situations. The ft) 
atmospheric carbon monoxide concentration range CO 
of 15 to 20 ppm is within the rangejjfhouriy aver- CO 
ages reported 1 **" for taverns and nightclub* of 3 to >1 
29 ppm. Some hourly averages for such locations CO 
occasionally reached 36 to 42 ppm. The air turnover M 
in the environmental chamber used for these expert- CO 
meats is similar to that found in and recommended CO 
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for various environments.** 

e g-tenn exposure to •nvfronmental dgarette 
results in changes in pulmonary function-ef 
loken suggestive of IbD airway disease* 
' These effects, however, were measured after a min¬ 
imum of 20'years of exposure of the subjects to a 
smokey environment The passive smoki ng^c nvirOP- 
facal may pose a more immSfoate tfcreatfo perjons 
•prith a reactive respiratory tract In 1974 it was 
recommended that reactive persons in the popula¬ 
tion be studied because adverse effects of environ¬ 
mental tobacco smoke may occur at very low con¬ 
centrations among atopic patients and persons who 
otherwise have a reactive respiratory tract** The 
jpsdts of this bridal tavestigation Indicate that pa- 

cigarette 

amon. Aionow 1 ' recently reported that under con¬ 
ditions of acute exposure to smoke, some angina 
patients are also at additional risk of suffering an¬ 
ginal attacks. It is still to be determined to what 
extent these results can be generalized to the entire 
groups of people with these chronic diseases. 

ACKNOWLEDGMENT: The author* would like to thank 
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NEUTROPHIL CHEMOTACTIC ACTIVITY 
FOLLOWING THE INHALATION OF ULTRASONICALLY 
NEBULISED WATER 

It. Shaw, S. Durham. P. TorziujO, R. E. Schoeffel. 

S. D. Anderson and a. B. Kay 

Deportment of Thoracic Medicine. Royal Prince Alfred Hospital. 
Sydney. Australia and Department of Allerfy and Clinical 
Immunoloiy. Cardich Thoracic Institute. London. England 

An increase in serum of a high molecular weight neutrophil 
chemotactic factor (NCF) hay been described in patients with 
exercise and allergen induced asthma. The increase in NCF after 
exercise has been shown to be inhibited:by sodium cromoglycate 
suggesting (hat NCF may reflect masifcell activation. 

We carried out a study in seven asthmatics and Five normal 
subjecu to determine if the change in airways resistance following 
the inhalation of ultratonicaJly nebulised water (UNH*0) is also 
associated with an increase in neutrophil chemotactic activity. 

Eight m! of blood iwas collected from an antecubiial fossa vein 
and allowed to clot on glass for three Hours at 4*C. The serum 
was collected and heated at 5f*C for >0 mih. then stored at 
- 80 *C until analysis. Samples were collected at rest, immediately 
at the end of challenge. 5, 10; 15* 30 and 60 min. later. Neutrophil 
chemotactic factor activity was assayed in a modified Boyden 
chamber in which a micropore filter separates a neutrophil 
suspension from a 20 peraent dilution of test serum. Following 
incubation the filter is removed and examined by microscopy 
for evidence of neutrophil migration. 

A MistOjgen Ultrasonic Nebuliser (ENJ43A. California) which 
delivers approximately t ml of water per ID L of aerosol inhaled 
was used for the challenge. Forced expiratory volume in one 
second (FEV,), forced expiratory flow rate over the middle half 
ofthe vital capacity (FEF23-75) and the flow meat 50*71 of the 
vital capacity (V'50) were measured using a Cavitron (SC-20 
Spirometer, Anaheim. California). 

Measurements were made in triplicate at rest and 30 sec. after 
ihe inhalation of a known volume of nebulised H,G. The mean 
2: SD FEV. at rest (expressed as a percentage of the predicted 
valLey was 80:2% 2 21.8 for the asthmatics and 104.3% ± 
19 for the normal subjects. Following the water; challenge the 
mean maximum reduction in each measurement was calculated 
and expressed as a percentage; of the pre-challengc value. For 
the seven asthmatics the mean maximum fall r I SD for FEV, 
was 41 .6% : Iil .5,Tor, FEF25-75 46.4*?, - i.2and for V50 
51.0% r 5.7. The mean r 1SD delivered dose of H ; 0 required 
to induct the maximum recorded change in FEV. was 6.8 ml 
= 5.3. For the normal subjects the rediinionin FEV„ FEF25-75 
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and VS0 was less than 20*7* of the pre-challenge level after the 
inhalation of 33 ml of M,0. 

There was no significant difference in the pre-challenge levels 
of neutrophils per 10 high power fields (NI0HPF) between the 
asthmatic and normal subjects. In the 30 min after challenge there 
was a mean 2 I SD maximum increase in NI0HPF of 179 2 
118 in the asthmatics and 42 2 15.5 in the normal subjects 
<^<0.05). Sixty minutes after challenge the values for N10MPF 
had returned to within 8% of the resting levels. 

We concluded that the airways obstruction induced by the 
inhalation of UNH.O is associated with an increase in serum 
neutrophil chemotactic activity. 


RELATIONSHIP. BETWEEN AIRWAY SMOOTH MUSCLE 
VOLUME AND HISTAMINE REACTIVITY IN VIVO/IN VITRO 
IN HUMAN AIRWAYS 

C. L. Armour, N; M. Lazer, R. R. Scheu-£n»erg. 

JL C Hogg and P. D, Pare 

UBC Pulmonary Research Laboratory, Vancouver. Canada 

Non specific airway hypeneactivity is now recognised as a 
characteristic feature of human asthma. Alteration in the smooth 
muscle within the airways has been suggested as the basis of 
hyperreactivity. 

The present study examined lung : function and nonspecific 
bronchial reactivity in 12 patients with chronic obstructive lung 
disease prior to resection of lung tissue for carcinoma. On the 
day before surgery and while on no bronchodilator,medication* 
all subjects performed a progressive histamine inhalation test 
according to the method of Cockcroft et a l. The inhalation 
concentration-response curve was terminated when the FEV. had 
fallen by 20*7* from resting levels or an inhaled concentration 
of 16.mf/ml had been reached. The PC,* was calculated las that 
concentration of histamine which produced the 20% fall in FEV,. 

Following surgical removal of the lung, portions of segmental 
or subsegmenial airways were dissected free of lung parenchyma 
and placed in Krebs*Henseleit solution aerated with 95% O, and 
5% COi- The airways segments were then cut into spirals* placed 
in organ baths maintained at 37*C and attached to isometric 
transducers under an initial tension of 2 g. Changes in tension 
resulting; from the addition of cumulative concentraTRJmnof 
histamine were recorded on a Beckman polygraph. Responses 
to histamine were expressed as a percentage of the maximum 
response and the EC« calculated! Each piece of bronchial tissue 

541 


10 ' 

o 

hi 

CO 

CO 

-vJ 

CO 

u 

CO 


Source: https://www.industrydocuments.ucsf.edu/docs/tgnx0000 



Ovtnhtndlers also hada greater prevalence of increased bronchial 
ftactiMty (PD... <30 Mmoles) (56*) than doughmakers (29*;) 
and positive skin tests to wheat <44* vs. 0*. p<0 005). The 
frequencies for general bakers were intermediate (41* and 17* 
respectively. NS). 

This study demonstrates that bakers have evidence of allergic 
respiratory disease that is related to their occupational exposure 
to cereal antigens. 


ROLE OF FOOD ADDITIVES (SODIUM METABISULPHITE 
AND SALICYLATES) IN CHRONIC CHILDHOOD ASTHMA 

5. J. Towns and C M. Mellis 

Depen mem of Respiratory Mediant, Royal Alexandra Hospital 
Jar Children, Comperdown. NSW 

We have studied the role of two commonly ingested food 
additives/chemicals, the preservative sodium metabisulphite 
(MBS) and aspirin (ASA), in 29 children with moderate-severe 
childhood asthma. All 29 were challenged: single blind, in the 
pulmonary function laboratory with MBS (capsule form and 
solution). ASA and placebo. For one week prior to the challenge, 
and during the challenge period, all 29 were prescribed to full 
elimination diet. Following the challenges, positive responders 
to MBS were placed on a diet which excluded MBS containing 
foods. ASA positive patients were prescribed a diet excluding 
natural salicylates and advised to avoid aspirin containing 
medications. After three months on these restricted diets the 
children were reassessed to determine any therapeutic response. 

Sixty six percent (19/29) had a positive immediate challenge 
<>20* fall in FEV.) to metabisulphite and 21* (6/29) had a 
positive immediate challenge to aspirin. After three months on 
the restricted dieu 4/19 children on MBS-free diet and 1/6 on 
salicylaie-fret die: had objective signs of improvement; namely, 
a reduction in either steroid or bronchodilator therapy. However, 
compliance with the diet during these three months was poor, 
particularly with the aspirin positive children* 

We have demonstrated that two commonly ingested chemicals 
can provoke bronchospasmi in asthmatic children. However, 
elimination of these substances from the diet is difficult and docs 
box. in general improve the child’s asthma. 


THE EFFECT OF PASSIVE CIGARETTE SMOKING 
ON ASTHMATIC PATIENTS 

Alvin J.Jng and A. B. X. Bkeslin 

Chtsi Unit. Concord Hospital, Sydney. NSW 

The aim of this study was to examine the effect of passive 
inhalation of cigarette smoke on airways function in asthmatic 
patients: Six subjects with bronchial asthma and a history of chest 
tightness on passive exposure to cigarette smoke were studied. 
The subjeas had wen-controlled, mild to moderate asthma. They 
abstained from beu-2 agonists and inhaled corticosteroids for 
at least six hours prior to the provocation test, from oral 
iheDphylline for 12 hours, from slow release theophylline and 
sodium cromoglycate for 24 hours and from antihistamines for 
48 hours prior to study days. On the first day, baseline FEV,. 
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FVC, MMEFR and peak flow rate readings were undertaken 
and the patient then sat in a seven cubic metre room for 60 
minutes during which time a mechanical device linked to a 
rheostat was run but no cigarette smoke was produced. Lung 
function measurements were repeated at 15. 30. 45 and 60 
minutes in the room and thereafter every 15 minutes for two 
hours. On the second day. the same lung function parameters 
were measured and the patient spent 60 minutes in the same room 
with the mechanical device producing smoke from cigarettes 
containing 16 mg of tar and 1.6 mg of nicotine per cigarette at 
the rut of approximately 100 mis of smoke every two minutes 
Carbon monoxide levels were taken in the room after 30 and 
60 minutes and pre-exposure and post-exposure venous blbod 
samples were taken and changes in carboxyhemoglbbin 
determined! For the purposes of this study, falls of 20* or more 
in FEV., FVC and FFR, and 30* in MMEFR, over baseline 
levels were considered significant. 

The concentration of smoke achieved for each individual 
subject was in the same range of 20-25 paru per million of carbon 
monoxide, and all subjects had! similar rises in 
carboxyhemoglobin, 0.5 2 014*. Chest tightness described as 
asthma was produced in all six subjects and was described as 
an average asthmatic attack; the sensation of chest tightness' 
commenced within 15 minutes of smoke exposure and continued 
for up to one hour posi-challenge. These symptoms did not occur 
on the non-smoke inhalation study day. There were no significant 
changes in theipulmonary function parameters measured in any 
ofithe subjects when compared with baseline values. The largest 
fall in FEV, was 12.55* in one subject, and FEV. in this subject 
did not return to pre-challenge levels for one hour after exposure. 
Another subject showedia 26. I* fall in MMEFR which also 
lasted for one hour post-challenge. 

Thus, passive exposure to cigarette smoke in these subjeas 
produced marked symptoms described as usual asthma but not 
significant objective evidence of airways obstruction. 


ASSESSMENT-©^BREATHLESSNESS IN ASTHMA 

A. Nana. J. G. W, Buxoon and M. C. F. Pain 

Department of Thoractc Medicine, RoyalMelbourne Hospital, 
Vic 


We report the early results of a study conducted to gain some 
understanding of the variability of breathlessness in asthma. 
Using diary cards 21! asthmatic outpatients recorded their 
symptoms of breathlessness, using a category scaling technique 
(range; 0* no breathlessness. 10- maximum breathlessness), and 
the severity of their airflow obstruction, assessed by peak 
expiratory flow rate (PEFR) measurement (Wright’s mini-peak 
flow meter), twice daily (morning and evening) for two weeks. 

The results showed that breathlessness increased as PEFR 
decreased in 17 (81*) patients, but these indices were seemingly 
unrelated in four others Despite a close linear relationship in 
most subjects (mean r * 0.74 s 0.15 SD; p< 0.001) there was 
considerable variation in the severity of breathlessness for any 
particular degree of airflow obstruction (mean intercept on 
sensory axis *6.3 2 4.6 SDL However the increase in 
breathlessness with increasing airflow obstruction showed little 
variation (mean slope 0 01 r 0 01 SDL The variabil ity i n 
breathlessness in asthma is likely to have many component?. Ill 
this study we were able to show : (!) that for any given reduction 
in PEER, patients with airflbw obstruction throughout the study 
period (mean PEFR < 80* predicted) were less breathless than 
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Romer, J-, Hermann, Hi. "Significance of Tobacco Smoking for Asthma 
and Rhinitis" Uqeskr Laeqer 145(13): 1025-1027, 1983. - 


ABSTRACT: Forty-one patients with asthmatic and/or rhinitis and 
41 controls of the same age and sex distribution were interviewed 
about the influence of smoking on health and about their attitude 
towards the prohibition of smoking in public places. 

The study shows that 50% of the asthmatic patients, and 
36% of the patients with rhinitis develop, at least occasionally, 
attacks when exposed to smoking. 

An increased' tendency to coughs and colds was present 
in both control and patient groups. The numbers are too' small to 
be conclusive. No tendency to an increased incidence of sinuitis 
[sic] or otitis was observed. 

The study points out a significant difference between 
the patient group and the control group's social engagements, 
because the allergic patients, to a certain extent, stay away from 
meetings where smoking occurs. 

There are fewer smokers among the allergic patients 
than among the controls, but the difference is not significant. 

Finally, the study shows, in both the patient group and 
the control group, such a strong dislike of enforced passive smoking 
that a ban on smoking in public places should be seriously 
considered, with' the provision of special smoking rooms. 


W 

© 

w 

CO 

CO 

"Vi 

CD 

cn 

co 

CD 


Source: https://www.industrydocuments.ucsf.edu/docs/tgnxOOOO 
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SIGNIFICANCE OF TOBACCO SMOKING FOR ASTHMA AND RHINITIS: 


by 

J. Renter and H. Hermann 


ABSTRACT» 


Forty-one pttitnu with asthmatic and/or rhinitis and 
*1 controls of tht tame sgt and tax distribution were 
intarvicwed about tht influence of smoking on health 
and about thtir attitude towards tht prohibition of: 
smoking in public places. 

Tha studyabowt that 30 U of the asthmatic patients 
aa^M-H oUnepeilenu with rWnJtb’devalojfi'at least 
e e cial owally, attacks when txposad to smoking 

An increased tendency to coughs and 1 colds was 
present in both control and patient groups. The 
numbers are too small to be conclusive. No tendency to 
an increased incidence of tinultis or otitis was observed. 

Tht study points out a significant difference be¬ 
tween the patient group and the control group’s social 
engagements; because the allergic patients, to a certain 
extent, stay away from meetings where smoking occurs. 

There are fewer smokers among the allergic pa* 
tients than among the controls, but the difference is not 
significant; 



Tobacco amoke la an irritant of such intensity that it can be suepectod 
as being of significance for patients with asthma and/or rhinitis^ The 
present study has the purpose of elucidating whether patients with.asthma 
or rhinitis show an increased tendency to develop upper respiratory tract 
infections, otitis media and inflansnation of the sinuses or a tendency 
toward exacerbation of the underlying disease, namely, asthma or 
rhinitis, as a consequence of active or passive smoking. 

The investigation was intended to elucidate whether such tendencies 

implied social withdrawal. N 
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An attempt wae also made to determine the attitude of the patient 
group and of the control group toward passive smoking. 

Personal Investigations 
Materials and Methods 

The investigation included all patients 15 years old and older (- re¬ 
corded independently by the health insurance orgAnlsatlon} seen in the< 
practice of one of the authors (JR) because of asthma or rhinitis during 
the course of one year (June 13, 1977 to June 12, 1979), whether or not 
allergy was found by the allergologies! investigation, and whether or 
not such examination was performed. 

The group of patients with asthma or hay fever included a total 
of 66 subjects. Patients who dropped out spontaneously or changed 
physicians before the investigation began, patients under the age of 
16 years (■ not registered by the health insurance organization), and 
patients who did not cooperate adequately, i.e., a total of 23 patients, 
as well as two persons who at the time of the review of the diagnosis 
did not know that they should have registered, were eliminated. Forty- 
one persons remained in the investigation. Their distribution is shown 
* in Table 1. 


Definitions 

Bronchial asthma: attacks of dyspnea of expiratory type.. 
Allergic rhinitis: attacks of sneezing and running nose without 
signs of infection and possibly with concomitant conjunctivitis. 
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Table 1. Patients 



Allergy . 




Demonstrated 

Not demon¬ 
strated 

Total 

Pure asthma 

1 

4 (2) 

5 

Pure rhinitis 

12 

11 (6) 

23 

Asthma' and rhinitis 

10 

3 (2) 

13 


23 

18 (10) 

41 


Allergological examinationi at least anamnesis, skin test and RAST 
(radioallergosorbent test] performed at a specialised department or by a 
specialist. 

The control group was chosen on the basis of a health insurance list 

to match the patients as to age and sex. Persons with known or suspected 

allergy are excluded as controls and are replaced by new ones. 

A questionnaire was sent to all patients and controls, which was 

t)je same for all persons aside from a simple question (concerning asthma 

and rhinitis). The answers were incomplete in 19 cases (11 patients 

and 8 controls). One of the authors (JR) complemented the investigation 

with interviews over the telephone. The questions were< not enlarged 

upon in the telephone interview, but the same wording was used as in 1 

2 

the questionnaire. The x test was used as the statistical test. A single 
exception will appear from the text. 
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Survey of Attitude* 

The following questions were askedi 

"Should tobacco smoking in publio places be allowed without regard 
to others?" 

"Should tobacco smoking in public spaces be restricted to certain 

rooms and be prohibited in all other rooms?" 

* * ’ 

If you did not answer with "yes" to one of the two questions above, 
please answer the following question! 

"Should 1 a patient with lung disease or hay fever be able to refuse 
to tolerate smoking at meetings?" 

"If you express your desire to have a meeting without smoking, should 
it happen?" 

1) If one i individual requests it? 

2) If the majority are for it? 

3) Other possibilities? 

Five groups are identified on the basis of the answers! 

1) i Does: not desire any intervention whatsoever 

2) ' Agrees with the ban, if the majority want it 

3) : Agrees with the ban, if a single patient wants it 

4) 1 Agrees with the ban, if a single — even healthy — person wants it 

5) Would li..e to see smoking restricted to separate smoking rooms and 
banned in all other places. 

Results 

Fourteen of the 41 patients and 21/41 controls gave positive answers 
to the question "Do you smoke yourself?". Consequently, there are fewer 
smokers among the patients, but the difference is not significant. j—— 
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Bx*BBOktrg who do not smokt currently wbm atktd tht quaitiom 

. .i. ' ■ : * -• . 

"Did you stop rooking because of the disease/any disease?" Five of 11 
patients and 0/8 controls said yes.. The figures show that patients tend 
to quit smoking because of the disease.' v 

The smokers were asked the question "Rave you ever felt ineonvenienoed 
by your own smoking?" Six of the 14 patients and 8/21 controls felt 
inconvenienced by their own smoking. 

All persons were asked the question "Res tobacco smoke ever inoon- 
venienced you?" Thirty-seven of the'41 patients and'27/41 oontrole answered 
with a yes* i.e., there were significantly more patients then oontrole 
among those who said yes (Fisher's exact testi p ■ 0.0007). 

In answering the question! "Have you observed any increased tendency 
to develop asthma, rhinitis, attacks of cough without asthma, sinusitis, 
otitis media or colds after having been exposed to tobacco smoke?" 13/36 
of the rhinitis patients (36%) indicated increased tendency to develop 
rhinitis and 9/18 of the asthma patients (50%) indicated a correspondingly 
increased tendency to asthma, or a total of 19 of the 41 patients (46%), 
because there was an overlap between the two groups, as is indicated in 
Table 1. Hardly any patients indicated increased tendency to develop 
sinusitis and otitis media (Table 2). 

Both the patient group and the control group show a certain, not 
significantly different, tendency to develop attacks of cough and colds 
after exposure to tobacco smoke. 


5- 
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Table 2. Answer to the questiont "Have you obssrvsd increased tendency 
to the following diseases after having been exposed to tobacco 
smoke?" 



Number of positive replies 


1 

Patients 

Controls 

Attacks of cough 

14 

- • 1 , 

9 

Sinusitis 

i ; 

0 

Otitis stadia 

0 

0 

Colds 

8 

5 

Total, at least one of these 

17 

11 

Total, including asthma or 
hay fever 

24 

9 


Social Consequences 

rour patients and three control persons, or less than 10% in both 
groups, believed they had withdrawn because of exposure to tobacco smoke. 

Ten of the asthma/rhinitis patients (24%)' said that they were forced 
to skip meetings where participants smoked -- in response to the question 
"Can the smoking of other people cause you to stay away from meetings 
and events?" Only five patients said that they were forced to do so 
regardless of whether or not they were having asthma/rhinitis symptoms. 
Three control persons felt forced to stay away (significant difference, 
p ■ 0.04). 

The replies obtained in connection with the attitude investigation 
are shown in Figure 1. 36/41 patients and 32/41 controls advocate either 

a total ban on smoking in public places, or when only one person present 
wishes it. There is no difference in the attitudes of the smokers and 


nonsmokers, either in the patient group or in the control group. 
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Th* numbers are small, but show a widespread attitude against forced 1 
passive smoking. 



Fig. 1. Attitudes toward smoking in public plaoes. 

Group li wishes no intervention whatsoever 
Group 2t wishes ban if the majbrity are for it 
Group 3i wishes ban if a single patient wishes it 
Group 4s wishes ban if a single, healthy person wishes it 
Group 5 1 wishes smoking banned and restricted to separate 
smoking room. * 


The material is too small for a further breakdown of the patient 
group to a group which has confirmed allergy and a group in which the 
tests did not reveal allergy. 


D iscussion 

The questionnaire survey shows that 1/3 of the patients with rhinitis 
and 1/2 of the patients with asthma have increased tendency to attdbks 
of: the underlying disease during exposure to tobacco smoked 

The questionnaire survey also seems to show an increased tendency 
to attacks of cough and common cold after exposure to tobacco smoke? 
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but the increaee i» not significant statistically, whereas sinusitis 
and otitis media were not found as a consequence of tobaooo smoking. 

fts survey shows that tobaooo sacking means that certain patients 
with asthna/rhinitisi nay feel socially handicapped, at .least during the 
season when the disease flares up. 

The small numbers Involved in the investigation mean, of course, 
that the conclusions must be taken with certain reservations as far as 
the social consequences are concerned, the fact that the persons: inter¬ 
viewed knew the authors 1 personal attitude toward tobacco smoking from 
the ban on smoking in their waiting room, among other things, can have 
been of significance in the study of the attitudes. 

There are no data to show whether the composition of the population 
seen in the physician's office differs from the average population. The 
office is located in an area in the township of Arhus which was selected 
as an experimental region in other respects, because it is close to the 
township average.. 

However, there is reason to believe that the average age was lower 
than, the poulation average. 

The survey also shows that the attitude toward forced passive smoking 
’'justifies consideration by the authorities. 

White and Froeb [1] concluded from an Investigation of 2,100 persons 
that longrterm exposure to tobacco smoke in the working environment (longr 
term passive smoking - involuntary inhalation of tobacco smoke by nonsmokera) 
significantly reduced the forced expiratory flow-rate (FEF) and the forced 
expiratory volume in one second (FEV^) , and compared passive smokers 
with light smokers in this respect. 
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. Q 1 gonnall and Logan (2] found that exposure to tobacco smoke significant- 
ly aggravated the symptoms in 10% of 400 asthmatic children/ and that 
daily exposure to polluted air (smoking by parents) aggravated the symptoms 
at least occasionally in 67%. 

Baeedi on an investigation of the effects of tobacco smoke in 32 
healthy test subjects in a three-hour experiment, Hugod et al. (3) published! 

«*a 

some unfortunately oft-cited opinions on the harmlessness of long-term 
passive: smoking, opinions which the investigation do not appear to support, 
but which unfortunately are often mentioned when smokers want to compound 1 
their conscience with regard to passive smokers. 

Hugod since mentioned in a review article (4) that besides incon¬ 
veniencing 80% of all nonsmokers, tobacco smoking also has a direct harmful 
effect on certain groups of patients, including those with asthma, but 
he did not mention patients with rhinitis. Thus it seems that allergy 
to tobacco rather than the irritating effect of tobacco smoke is referred! 
to. 

Zt was pointed: out by Korsgaard (5) that tobacco consumption exceeding. 

9 units per day means almost a doubling of the suspended dust concentration 
in rooms compared with rooms in which tobacco is not smoked daily, but 
also stressed that there is great controversy worldwide concerning the 
suspended dust concentrations which cause changes in the status of patients 
with lung and heart diseases. Zn view of the fact that tobacco smoking 
in public places has been banned in 31 states of the United States [6)1 
as: well as in Finland and France, the (Danish) parliament must discuss 
a similar ban without delay. Zf one wishes to smoke, it is a private 
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matter, but whsrs to smoke is a social issus. 5.2* of ths population 
of Denmark hava/had asthma, and 9.4% hava/had allergic rhinitis, so that 
th* social aspects are of significance for a large segment of the popula¬ 
tion (7,8]. 

Finally, it should also be recoonended that an effect does not necessarily 

have to be harmful to be undesired. Healthy persons also feel Inconvenienced 

.- ... .. ' ... ■ ■ 

without necessarily having social consequences . ,,! " v ' v 


Support was granted by Danmarks Asthma-Allerglbunds forskningsfond 
(Research Foundation of the Danish Asthma and Allergy Association]. 
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ABSTRACT: A study of the effect of passive smoking on patients 
with asthma is presented. Six patients were exposed for one hour 
to the air in a room in which tobacco smoke was produced 
mechanically over that period. The effects on symptoms, lung 
function and airways sensitivity to inhaled histamine were then 
measured and compared with the same patient's responses during a 
control day when they inhaled smoke-free air. All six patients 
developed! chest tightness and symptoms similar to an attack of 
asthma. The findings of respiratory and sensitivity tests suggest: 
(i) that passive smoking may trigger asthma attacks in subjects 
who suffer from asthma and (ii) that the airways of such subjects 
show increased histamine reactivity four hours after the passive 
smoke exposure. 
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Passive cigarette smoking and patients with asthma 


Anne Knight and Antony BX Breslin 


ABSTRACT: A study of the effect of passive smoking on free air. AH six patients developed chest tightness, and I 

patients with asthma is presented. Six patients were ~ symptom sknilar to an attack tof asthma. The findings of 
exposed for one hour to the air in a room in which respiratory arid sensitivity tests suggest (i) thaTpassive 

tobacco smoke was produced mechanically over that jftnoking may.trigger .a^hma attacks ; in subjects who 

period. The effects on symptoms, lung function and auffer from asthma'and (H) such 

airways sensitivity to inhaled histamine were then subjects show kicrea^ hisU four hours 

measured and compared with the same patients after the passive smoke exposure, 

responses during a control day when they inhaled smoke- (Med J Aust 1985; 142:194-195) 


PATIENTS WITH asthma who do not smoke commonly 
complain of “chest tightness” or wheezing as well as upper- 
respiratory tract symptoms when they are exposed to other 
people’s cigarette smoke. This subjective response has been 
documented, 1 * 1 but objective studies of changes in lung 
function give conflicting results. 1,4 

A lack of effect of active cigarette smoking on the 
bronchial I sensitivity to histamine and methacholine 
immediately after smoking a cigarette has been 
demonstrated. 1 Young asymptomatic smokers have been 
shown to be no more responsive to inhaled histamine than 
are non-smokers * However, the effect of passive smoking on 
bronchiali jeactivity has not been studied in patients with 
asthma. 

The aim of this study was to investigate the acute 
respiratory response in patients with mild to moderate 
asthma to passive cigarette smoking and to assess whether 
passive smoke inhalation alters bronchial sensitivity to 
inhaled histamine. 

Methods 

Six subjects with mild to moderate asthma who were non-smokers 
were studied on an outpatient basis over two days. They were 
exposed to the air of a provocation room in which smoke was 
produced mechanically from one cigarette after another, 
continuously, over one hour. (Details of procedures and equipment 
used may be obtained from the writers on request.) The two-day 
study was organized as follows: 

Day 1 

Baseline lung function 

Respiratory Unit, Concord Hospital, Concord, NSW 2139. 

Am* Knight. MB 85. Medical Student 

Antony B.X: MB BS. FRACP. Senior Specalut m Charge 

Reprints Dr A8.X. Breslm 


Histamine inhalation test (HIT) 

Sixty minutes in room, cigarette not lit 
Repeat HIT four hours after leaving the room 

Day 2 

Baseline lung function 
HIT 

Sixty minutes in room; cigarette lit 
Repeat HIT four hours after leaving room 

The parameters of lung function chosen were the forced 
expiratory volume in one second (FEV,|. the vital capacity (VC): 
and the maximum mid-expiratory flow rate (MMEFRl with the 
same Viialograph spirometer used for all measurements, and the 
peak expiratory flow rate (PEFR) measured by means of a Wright 
Peak Flow Meter. Measurements were taken at 15-minute intervals 
while in the provocation room, and afterwards, until the readings 
had returned to baseline. 

Each patient underwent four HTTs during the study, and for 
each test the provocative concentration of histamine which 
produced a 20% fall in FEV,,from a baseline value (PC») was 
calculated. 

Results 

Patient profiles are shown in Table 1. All six patjcnt$ 
experienced some symptoms as a result of the passive «v 
smoking, eye irritation being the most common complaint © 
The four patients who gave a positive-history of asthma fO 
attacks induced by passive smoking experienced “chest o 
tightness” — of a mSd degree for subjects 1 and 2 and of a Jj 
moderate degree for subject 4 — and/or wheezing (subjects 
4 and 5). Rhonchi (which had not been beard before the tn 
challenge) were beard on auscultation at the : end of the 
exposure to smoke-contaminated air in subjects 4 and 5. 

The changes in FEV, (expressed as percentage change - , 
from the baseline) on both days are presented'inTable 2. All 
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six (objects showed falls in FEV, on the challenge day, the 

a ' maximum fin being 11% compared with a mean 
urn rise « the co ntrol dky of 4.6%. These changes 
were statistically significant, according to a two-tailed paired 


TABLE 1: Patient profiles 





Subject number 




1 

2 

3 

4 

5 

6 

Age (year*) 

23 

23 

24 

22 

22 

39 

Sex 

Number of positive skin prick 
tests to 23 common 

M 

M 

M 

f 

M 

F 

allergens 

5 

2 

2 

3 

10 

3 

fg£ level (u/ml) 

History of "chest tightness* or 
wheezing in response to 

140 

43 

1220 

330 1140 

310 

passive smoking 

Yes 

Yes 

No 

Yes 

Yes 

No 


TABLE 2: Maximum variations of FEV, from basefine 


wofcci rwinuiCT 

Control day 

Challenge day 

Significance 

i 

41.39b 

-8.5% 

P> 0.05 

2 

43.3% 

-5.0% 

/>>0.05 

3 

451% 

-1.7% 

P> 0.05 

4 

45;*% 

-15.1% 

P< 0.001 

5 

42:8% 

-26.9% 

P< 0.055 

6 

4:9:5% 

-8:7% 

/><o.oor 


TABLE 3: PC* values before entering and four hours after 
leaving the provocation room* 





Subject number 



1 

2 

3 

4 

5 

4 

Control day 







PC* before 

4.39 

6.% 

1.60 

0.86 

0.39 

0.74 

PC* after 

Challenge day 

4.44 

6% 

2.85 

0.77 

0.47 

0:66 

PC* before 

4.59 

7121 

0.92 

0.90 

0.22 

1.00 

PC* after 

PC* before/PC* after 

1107 

6,96 

0.24 

0.64 

0.09 

0.53 

Control day 

0:99 

1-00 

0.57 

1.12 

0:83 

1.12 

Challenge day 

4,29 

1.04 

383 

1.41 

2.44 

1.89 


•PC* • provocatrve concentration histamine (|/l) that produces a 209b fall m FEV, 
from a basefcne value. 


f-test, in subjects 4, 5 and 6; subject 1, 2 and 3 showed 
similar, though not statistically significant, changes.'Stmilar 
(rends were seen in VC, MMEFR and PEER/ 

The results of the HITs are shown in Table 3. There was a 
trend for the PC, c to fall after exposure to smoke to an 
extent which was not found on the control day: All but 
subject 2 had their lowest 
provocation. n* 
smoking were 
indicate an 

smoking which was sdD 
cessation of exposure to 

Discussion 

Variable deteriorations in lung function parameters as a 
result of passive exposure to ambient cigarette smoke were 
found in all the subjects in our study. These deteriorations 
did not correlate with chest symptoms. In comparison with 
our findings, Dahms et aL observed! mean change of 2M% 
in < FEV, in JD asthmatic' subjects wpased pawfeipt© 
cigarette smoke.* 

As a control day was included in the protocol; it is unlikely 
that the significant trend for the PC, e to decrease whichwe 
observed at four hours after smoke exposure was due to 
diurnal variation or to variability in the test. 

A four-hour interval between leaving the provocation 
room and performing the post-challenge HIT was chosen 
because animal studies have shown that neutrophil 
infiltration in response to airborne antigens is accompanied 
by an increase in histamine reactivity at four hours after a 
challenge.’ 

^Thus our findings suggest thatpesayesmoke inhalation 
may produce asthma attacksin subjects^whojjmffer from 
asthma and may lead to jnqeased,l«p^l^B>cliirity^*o 
histamine for a time after sucli jnh«tawn|Xluis,the airways 
may be primed to react more vigcrouriy ito other (riggers (for 
example, emotion; cold air, exercise)J|iereby inhiating.^n 
attack which would ^JO(be^rise^ve^ccuned.rTliis nas 
obvious social implkitiorisfor stibjectswith asthma who are 
frequently exposed to other people’s cigarette smoke. 
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Wiedemann, H.P., Mahler, D.A., Loke, J., Virgulto, J.A., Snyder, 
P., Matthay, R.A. "Acute Effects of Passive Smoking on Lung Function 
and Airway Reactivity in Asthmatic Subjects" Chest 89: 180-185, 
1986. 


ABSTRACT. We studied the acute effects of one hour of passive 
cigarette smoking on the lung function and airway reactivity of 
nine young adult asthmatic volunteers. At the time of this study, 
the subjects were asymtomatic and had normal or nearly normal lung 
function. Passive smoking produced no change in expiratory flow 
rates. However, there was a small decrease in nonspecific bronchial 
reactivity, as assessed by methacholine inhalation challenge testing 
(p—0.022):. Pharmacologically active substances present in cigarette 
smoke, such as nicotine, may explain the observed change in airway 
reactivity. Although the finding of decreased airway reactivity 
might suggest that passive smoking produces a "protective" effect 
on the underlying asthma, the observed change in reactivity was 
slight and of uncertain clinical significance. We conclude that 
passive smoking presents no acute respiratory risk to young 
asymptomatic asthmatic patients. 
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Acute Effects of Passive Smoking on Lung 
Function and Airway Reactivity ini 
Asthmatic Subjects* 

Herbert F Wiedemann. M D :.t Donald A Mahler A# D , FC C P 
Jacob Lake. M:Dl; Jttmes A Virgultd, C C .E ; Peter Snyder, R.R.T.; and 
Richard A. Matt hay, M.D., F.C.C.E 


We studied die acute effects of ooe hour of passive cigarette 
smoking oo the lung function and airway reactivity of nine 
young adult asthmatic volunteers: At the time of this study, 
the subjects were asymptomatic and had normal or nearly 
normal lung function. Fusive smoking produced no change 
in expiratory Bow rates. However, there was a small de¬ 
crease in nonspecific bronchial reactivity, as assessed by 
methachohne inhalation challenge testing (p *0.0121 Phar¬ 
macologically active substances present in cigarette smoke. 


^[onsmokers are frequently exposed to tobacco 
^ smoke in indoor environments The potential 
health risks of such involuntary, or passive, smoking is 
a topic of intenre interest , a Current evidence suggests 
that passive smoking acutely lowers the angina 
threshold 3 and that chronic passive smoking may lead 
to small airways dysfunction 4 or lung cancer.' There is a 
paucity of data on whether asthmatics may beat special 
respiratory risk from passive smoking 

Asthma is characterized by hyperreactivity of the 
airways, such that a wide variety of different stimuli 
may cause bronchospasm and reduced airflbw Even if 
lung function tests are normal, bronchial hvperreac- 

For editorial co mment see page 161 _ 

tivity can be detected by bronchoprovocation chal¬ 
lenge testing with inhaled agents such as histamine or 
methicholine In addition, bronchoprovocation 
Testing may be useful for detecting changes in airway 
reactivity that occur in response to therapeutic inteir 
ventions or environmental exposures. For example, 
such studies have demonstrated temporary increases 
in bronchial responsiveness following viral infections. n 
and antigen inhalation ; 44 as well as exposure to 
ozone 1 * 1 * and nitrogen dioxide ,T Changes in non¬ 
specific bronchial responsiveness may l>e clinically 

•From the Pulmonary Section, Department tA Medicine. Vale 
Uwvenity School of Medicine. N*w Hiven CT 
tStaff Physician. Pulmonary Department. Head. Section of Respira¬ 
tory Therapy, Cleveland Clinic Foundation Cleveland] 
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such u nicotine, may explain the observed change in airway 
reactivity. Although the finding of decreased airway reac¬ 
tivity might suggest that passive smoking produces a "pro¬ 
tective" effect on the underlying asthma, the observed 
change in reactivity wms slight and of uncertain clinical 
significance. We conclude that passive smoking presents no 
acute respiratory risk to young asymptomatic asthmatic 
patients. 


important since many studies have shown a correlation 
of airway reactivity with the clinical severity of asthma 
as determined by symptom scores, medication re¬ 
quirements. or dose of specific alfergen required to 
pnduce airflow obstruction * Trl * 

Two previous studies which examined the acute 
effects of passive smoking on lung function in asth¬ 
matics report conflicting results 4 ** Furthermore, 
there is no published information concerning the effect 
of passive smoking oni nonspecific airway responsive¬ 
ness in asthmatics Therefore, we investigated the 
effect of acute passive smoking on both lung function 
and airway reattivitv in a group of young stable 
asthmatic patients 

Sc HjuTs wo Methods 

Vmr asthmalu. mdiv idnaU ranging in age from 19 to 30 \ean were 
studied Five Milijtnt*.were males and fourwere females Subjects: 
were *eUn.ted fn»m 11 umsrcutive respondents to an advertisement 
Announcing the studi The diagnosis of asthma wu made prrviouslv 
by the individuals phvstiian Respondents were included only if 
they were vuirenth ctimcaJK stabt* and off oral asthma medications 
Four individuals intermittently using inhaled bronchodiUlon at the 
Ume of the sludi wrrr included No subject with an upper: 
respirators infection within the preceding eight weeks was studied 1 
Although the. subject*.were avvmptnmatic at the time of this itudv 
five had required hospitalization for asthma in the past However, no 
subject had been hospitalized for asthma within the preceding vear 
All individuals were nunsmoken Individual* were not selected 
based upon a history of how thrv reacted in the presence of tobacco 
smoke However, »u of the; subjects indicated I that exposure to 
cigarette smoke bothered" their asthma 

Subjects were instructed to avoid coffee, cola drinks, chocolate, 
and rserctse for at least m hours before bronchoprovocation testing 
So subject was taking vitamin C supplements Subjects using an 
inhaled BrunchodiUlof were instructed to withhold use for su to 
eight hours preceding the test, in accordance with published 
guidelines " Before participation in the study, subjects signed a 

Acuts Enacts o' P-rtSwoung e Ajfntfc SuOfCO /M M aamann at *) ■ 
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TMt Protocol 



I. BeseU I Before pauwe smoking 

a. Spirometry (FEV„ a. Wnou» COHb analysis 

FVC, VmiiSO) ■... * b Spirometry 

b Methacholine inhalation U. One hour emoke exposure 
challenge 111 After pouter making 

a. Venous COHb analysis 

b. Spirometry 

c. Methacholme inhala¬ 
tion challenge 


consent farm a p proved by the Yale Human Investigation Commit¬ 
tee. 

The experimental protocol was carried out in each subject on two 
separate days (Table IX This design was utilised in order to avoid the 
need to do two methacholine challenges on the tame day * On the 
fint day. baseline spirometry was measured with a pneumotachv- 
graph-integrated fiow-volume device - connected to a Could 3054 
high performance X-Y recorder. The forced vital capacity iFVC). the 
forced expiratory volume in one second {FEV,). and the maximal 
expiratory Bow rate at 50 percent of the vital capacit y t VmaxSOi were 
determined Following this, a methacholine inhalation challenged 
test was performed. The challenge test was conducted bv delivering 
sequential doses of methacholine in phenol-buffered saline solution 
(0 05. 0 5, 1.0. 2 0. 3^0, 10 0. 25 0 mg/ml) vu mouthpiece with d 
OeVUbiss No 45 nebulizer A noseclip was used Each dose was 
delivered during two minutes of normal tidal breathing The FEV, 
was determined at 0 5 and four minutes after each dose If at either 
time there was a 20 percent or greater (all in FEV , from the baseline 
prechallenge value, the test was terminated IF the FEY. did not 
decrease by this amount: then the next d6se was delivered The 
cumulative dose of methacholine which corresponded to a 20 
percent decrease in FEV, was determined bv linear interpolation of 
the last two points on the dose-response curve “ This provocative 
dose** of methacholine which causes a 20 percent decrease in FEV, is 
the FDiiFEV,. A low PD^FEV, indicates a high degree of non¬ 
specific bronchial responsiveness 

On the second expenment day i24 to48 hours following the first 
day), subjects returned for spirometry and then a baseline pre-smoke 
exposure venous blood I sample was drawn for carboxv hemoglobin 
(COHb) analysis The blood COHb level analysis was performed 
with a double-wavelength spectrophotometer 1 * The subject then 
entered a*l 25 m* environmental chamber for exposure to machine^ 
generated cigarette smoke for one hour Both sidestream and 
mainstream smoke filled the chamber. The same brand of a leading 
nonfilter dgarette was used in all experiments The chamber was 

maintained at a temperature of about 25*C and the relative humidity 

was approximately 50 percent Air turnover in the chamber was 
adjusted as necessary to maintain a carbon monoxide level in the 
ambient air of between ,40 and 50 ppm The carbon monoxide level 
was sampled continuously from an area near the subject While in 
the chamber, the subjects were given the option to wear goggle* to 
seduce eye irritation These goggles did not cover the nose or mouth 

Immediately following one hour of passive smoking, the suhjrct 
exited bom the chamber and a venous blood sample wa* drawn for 
COHb analysis. Spirometrsc testing wai performed, folkmed hv a 
methacholine broncboprovocation challenge The chest *»f each 
subject was auscultated immediately before and after the passive 
smoke exposure 

A methacholine challenge test was also administered tn U 
individuals (age 18 to 37 years, mean 28 years) who had normal 
pulmonary function test multi and no history of asthma The 
purpose was to compare the methacholine responsiveness <»f this 


liable individual Rendu cfLunf function 
end FDJFEV, m Aithmetic Subject* 


Subject 

Teit 

Day 1 

Dav 

Prrimoke 

2 

Pot tv moke 

1 . 

FEN', (L! 

363 

3 55 

355 


Vmax50 (Usee) 

430 

4 00 

390 


FVC(L): 

453 

460 

455 


FD*FEV, (mg/ml) 

.43 


.72 

2 

FEV, 

305 

275 

285 


VmuSO 

230 

200 

2 10 


FVC 

4^*0 

4153 

440 


PD.FEV, 

.027 


070 

3 

FEV, 

305 

3 10 

295 


VmaiSO 

295 

170 

250 


FVC 

4.20 

437 

4 10 


FDJFEV, 

.066 


.120 

4 

FEV, 

405 

405 

406 


Vmax50 

360 

340 

360 


FVG 

555 

565 

5 63 


PD.FEV, 

260 


720 

5 

FEV, 

330 

310 

3 13 


VmaxSO 

335 

2 70 

290 


FVC 

4 45 

4 38 

430 


PD.FEV, 

.675 


1 72 

6 

FEV, 

4 10 

4.50 

4 40 


VmaxSO 

5 30 

500 

4 60 


FVC 

4 73 

5 15 

5 10 


PD*FEV (I 

.34 


21 

• 

FEN, 

4 15 

433 

4 23 


VmaxSO 

480 

530 

520 


FVC 

5 05 

520 

5 10 


PD,,FEN 

37 


345 

h 

FEN 

2 70 

305 

300 


VmaxSO 

260 

360 

340 


FVC 

363 

3 75 

375 


P0 x FEV 

037 


073 

9 

FEV 

2 W 

2 90 

290 


N maxSO 

2 00 

2 40 

260 


FVC 

4 20 

4 25 

4 15 


PO,.FE\ 

040 


04' 


“normal" gn»up with that ol the %ludv population which had hrrn 
selected based uponapnor historvof asthma The normal individu 
als did no! participate in the passive smoking experiment 

Statistical analvses ot spiromrtnc values, rarbox*hemoglobin 
levels, and the PD^FEV • transformed to log units as ts customarv 
were performed with the paired Students Mest; The nonparametnc 
signed!rank test w*j used tn also evaluate changes in PD^FEY 
assessed without prior transformation to log units 

REvl LTV 

Results obtained in individual subjects are shown in 
Table 2. Mean data and statistical comparisons be¬ 
tween groups of paired data are provided in Table 3 

Sympforns and Signs 

Marked eye irritation was a universal finding Most 
indiv iduals opted to wear, the protective goggles after 
spending several minutes in the chamber Three sub¬ 
jects experienced mild, transient self-limiting cough 
Except for e>e and nasopharyngeal irritation, the 
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Table 5—Mean jtomfft of Lung Function, Carfcoxyhemoglobtn Lroeb, *n<f FD*FEV ( 


— 

Day 1 

Baseline 

Presmoke 

Day 2 

Postsmoke 

- 

FEV, (li) 

3.43s .57 

3 48- 65 

3 45 : 63 


VtnuSO (Ij/wc) 

3.46s 1.14 

3 46: 1. 14 

3 42:1 02 


FVC (L) 

4.57S0.55 

465-058* 

4 56 : 0 60* 

•p-0 01 

COHb («) 


1 71-089 

157:1105 

p*0 001 

PD.FEV, (mt'ml) 

0.25x0.22 


0 79:1 13 

p-0 043 

fef PD*FEV, 

-1.92 s 1.23 


-1.21:154 

p-0 022 


•Ditto expressed as mean: SD. 

subjects were comfortable and spent the time in the 
chamber reading or studying. No subject complained 
of headache, chest pain, or abdominal pain i No subject 
had wheezes detectable by auscultation either imme¬ 
diately before or after the period of involuntary smok¬ 
ing 

Blood Carboxyhemoglobin Analysis 

The pre-exposure venous blood carboxyhemogjobin 
(COHb) level was 1.71 ±0.89 percent (meanr SD) 
Following passive smoking, the COHb level was 
2.57 ±LQ5 (p<0.001), This represents an increase in 

METHACHOUNE NESFONSIVENESS 
IN NORMALS AND ASTHMATIC SUBJECTS 



F 1C L UX 1 The methachoHne responsiveness of the itud> population 
is compared with individuals who give no history of asthma The 
asthmatic subjects hive » very low PD*FEV ( . indicating • high 
degree of airway reactivity 


the mean COHb level of 0 86. This is in close agree¬ 
ment with the expected increase in COHb content 
following exposure to 40 to 50 ppm carbon monoxide 
for 60 minutes.* - * 

Lung Function 

Results of baseline lung function on day 1 were 
normal in four subjects, showed small airways obstruc¬ 
tion in another four subjects, and revealed mild air¬ 
ways obstruction (FEV l between 65 percent and 80 
percent of predicted) in one subject. There was no 
difference between day 1 baseline lung function and 1 
day 2 pre-smoke lung function. Comparison of day 2 
presmoke lung function and postsmoke lung function 
showed no difference in FEV, or Vmax50. The FVC 
showed a small decrease (2 percent) following passive 
smoking ip *0.011 

Airway Reactivity 

The baseline PD^FEV, on day 1 showed that each 
subject had a high degree of nonspecific bronchial 
responsiveness compared to a normal population 

METHACHOUNE RE$PONSIVENESS <PO*> FfV t } 

MFC* I AND Amt PASSIVE CIGARETTE SMOKE EXPOSURE 



Ficl at 2 Thu illustrates:the methacHolme responsiveness m nine 
stable asthmatics before and after passive smoking Exposure to 
cigarette smoke resulted in an increased PDpFEV,. indicating a 
decrease in airway reactivity <p » 0 0223 The mean values are alio 
illustrated tantilbg of the mean of the log PD.FEV, values) 
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tested in our laboratory (Fig 1) This is to be expected 
but confirms that our subjects, who were asympto- 
mstic at the time of testing, are asthmatics. 

A compansSn of baseline PD^FEV, on day 1 with 
postexposure day 2 is provided in Figure 2 Eight of the 
nine subjects showed an increase in PD^FEV,. The 
mean PD*FE V t before smoke was .25 ±.22 mg/ml and 
after exposure was 79 ±1.13 mg/ml (p* 0.04) while the 
log PD^FEV, increased from -1.92 to -1.21 

(p-0.02) 

Discussion 

Impluntary smoking produces unpleasant *vmp- 
tornsln many individuals. 1 ^ These subjective com- 
plaints may be sufficient cause to regulate smoking in 
oonfined public places. However, it remains controver¬ 
sial whether acute passive smoking is associated with 
important pulmonary physiologic hazards. The pres¬ 
ent study was designed to investigate whether involun¬ 
tary smoking presents an acute respiratory risk to 
asymptomatic asthmatic individuals. 

Our data demonstrate that one hour of passive 
cigarette smoke inhalation by young, clinically stable 
asthmatics produced no change in maximal expiratory 
flow rates. Furthermore, passive smoking caused a 
slight decrease in nonspecific bronchial reactivity as¬ 
sessed via methacholine bronchoprovocation Our 
subjects were exposed to a severe simulation of passive 
smoking, beyond what normally occurs in the majority 
of social or occupational environments.*" A carbon 
monoxide level in the ambient air of 40 to 50 ppm far 
exceeds the level found in office environments where 
smoking is permitted! and is higher than the peak 
hourly averages usually found in taverns or night¬ 
clubs r Blood carboxyhemoglobin determinations 
confirmed the degree of passive smoke inhalation by 
our subjects. 

Two previous studies 1 ** investigated the effect of 
passive smoking on lung function in asthmatics, how¬ 
ever, neither evaluated the influence of such involun¬ 
tary smoking on airway reactivity. Shephard et al* 
studied 14 asthmatic subjects and found that the FEV\ 
and VmaxSO were unchanged after passive smoking, In 
their study, the intensity of exposure was less tcarbon 
monoxide level in chamber was about 24 ppm h but the 
duration was longer (two hours). Their subjects were 
older than ours Furthermore, the baseline pulmonary 
function of their subjects demonstrated airflow 
obstruction (FEVj-68^19 percent of predicted, 
range 30 percent to 91 percent) and several of the 
subjects were receiving oral asthma medications .Ad¬ 
ditionally, four of their subjects gave a specific history 
of "exacerbation’’ with exposure to cigarette smoke, 
nevertheless, this subgroup also experienced no dec¬ 
rement in pulmonary function. In contrast to our 
results and those of Shephard et al,* Dahms et al" 


demonstrated a 20 percent decrease in FEV t and FVC 
following passive smoking in ten patients with bron* 
chial asthma. It is difficult to account for the different 
results based upon experiment design or patient selec¬ 
tion, although such factors may have played a role In 
Dahms study, the smoke exposure.was less intense 
(one hour of a calculated carbon dioxide concentration 
of 15 to 20 ppm; the average increase in COHb level 
during exposure was 0.40). Their patients were young 
(age 18 to 26 yean), and baseline lung function demon¬ 
strated only mild impairment; the mean FVC was 79.2 
percent of predicted and the mean FEV, was 73.7 
percent of predicted. The subjects continued taking 
medications (except hronchodilators beginning four 
Hours prior to exposure), but the authon did not 
describe what medications were taken and how many 
subjects were on medications. However, one-half of 
their subjects were included because of a history of 
specific complaints when exposed to cigarette smoke, 
only the remaining five were recruited at random In 
short, our study is in agreement with Shephard et al* 
and acute at variance with Dahms et al“ regarding the 
effect of passive smoking on maximal expiratory flow in 
asthmatics. The present study additionally invests 
gated the effect of passive smoking on bronchial 
reactivity. 

The finding that passive smoking caused a decrease 
in nonspecific airway responsiveness (increased 
PDyFEVj was unexpected. The clinical significance of 
the change is uncertain, since the magnitude was 
small Only one subject had a change in PD»FEV 1 of at 
least one log dose tenfold shift), an increment that is 
considered clinically important* It is not known 
whether lesser changes in PD*>FEV, are important 
Although our data show that passive smoking caused a 
small decrease in airway reactivity, the possibility that 
this could be associated I with an amelioration of the 
underlying asthma cannot be determined from our 
study 

The reduction in nonspecific airway responsiveness 
that we observed might have been mediated by phar¬ 
macologically active substances present in cigarette 
smoke Inhalation of cigarette smoke causes increased 
plasma leveh of the sympathetic neurotransmitter 
norepinephrine as well as the adfenomedullary hor¬ 
mone epinephrine * It is possible that catecholamines 
released locally from sympathetic nerve ganglia; or 
into the circulation from the adrenal glands, may 
modify airway smooth muscle reactions. Catechola¬ 
mine release in response to tobacco smoke inhalation is 
probably mediated by nicotine. Increased blood and 
unnarv nicotine levels are found in people with mild to 
moderate passive smoking exposures.* * Wallis et a! 31 
have demonstrated that inhalation of nicotine dimin- 
ivhed airway responsiveness to methacholine in ba¬ 
boons who were highly reactive to methacholine. even 
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though nicotine inhalation had no direct bron* u^ufoced by 

chodilator effect on lung function. And^J»AAny, tben^My be a 

Quantification of bronchial responsiveness may be 4ub*et of asthmatics *4 tb a specific allei^S cowtitu- 

affect by the prechallenge airway caliber.*" This £rts of Jbbacco amo^ k# ^irther %work will be le- 

might be due to altered distribution of inhaled aerosol %tfred ^ cigarette smokfrt g 

particles* such that a greater portion may deposit on Hprerentiaiiskto^^ Nevertheless* the 

the segmental airways* a site where constriction has a current study suggests that passive cigarette smoking 

profound effect on the FEV,. Furthermore* the expo- presents no acute respiratory risk to young asymp- 

nentitl relationship between airway diameter and tomatic asthmatics. 


resistance to airflow may mean that an equivalent 
amount of airway nanowing may cause a much greater 
decrement in FEV, in a patient who started the 
challenge test with constricted airways. Since the lung 
function of our subjects was the same prior to each of 
the two methacholine tests* the influence of baseline 
airway caliber probably was not important in our 
results. 

The FEV, test requires a forced vital capacity 
maneuver following inspiration to total limg capacity. 
Full 1 lung inflation can reduce or abolish bronchocon- 
striction induced by pharmacologic agents in healthy 
subjects * Thus, detecting slight airway responses to 
inhaled agents in healthy nonasthmatic subjects re¬ 
quires the use of lung function tests that do not involve 
inspiration to total lung capacity. In such cases, partial 
expiratory flow volume curve initiated from end-tidal 
inspiration, or plethysmographic measurements of air¬ 
way resistance (SCaw) can be utilized. However, in 
asthmatics, reduction of bronchomotor tone by lung 
inflation is minimal or absent, and therefore, the FEV, 
is a useful and reliable test for assessing bronchial 
reactivity in such patients Furthermore, SCaw may 
be influenced by suggestion, whereas FEV, generally 
is not.*" This may be due to vagal pathways causing 
subtle changes in large airway tone. Eliminating the 
effect of suggestion is important in this study, where 
the subject cannot be "blinded" to the presence of 
cigarette smoke. And finally, the PD*>FEV, shows less 
day-to-day variability than PD^SCaw and 1 may be a 
better test to use when comparing bronchoprovocation 
tests performed on different days * 

/Nt emphasize that this study did not evaluate 
several aspects that may be relevant to the "real life" 
problem of passive smoking by asthmatics. Our in¬ 
vestigation evaluated only the immediate effects of a 
one-hour period of involuntary smoking. We did not 
test whether delayed effects of an acute exposure may 
occur. Furthermore, our subjects had virtually normal 
lung function during the study and the findings might 
be different for asthmatics exposed to cigarette smoke 
during an episode of bronchospasm. Not to be over* 
looked is the possible effect of chronic passive smok¬ 
ing Chronic cigarette smoking may lead to increased 
airway reactivity in normal subjects. 1 ** By analogy* 
chronic involuntary smoking might lead to clinical 
deterioration in asthmatics. Also* the develbpment or 
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Stankus, R.P., Menon, P.K., Rando, R. J., Glindmeyer, H., Salvaggio, 
J.E., Lehrer, S.B. "Cigarette smoke-sensitive asthma: ' Challenge 
studies" J Allergy Clin Immunol 82: 331-338, 1988. 

SUMMARY: The effects of exposure to environmental tobacco smoke 
on. pulmonary function were assessed in 21 subjects with asthma who 
claimed respiratory complaints (cough, shortness of breath, and 
chest tightness) on previous exposure to cigarette smoke. Exposure 
to mechanically produced tobacco smoke was performed in a static 
inhalation chamber for two 2-hour intervals at two distinct smoke 
levels (as measured by carbon monoxide, nicotine, and particulate 
levels). Seven of the 21 smoke-challenged subjects experienced! a 
significant (>20%) dtecline in FEV1 during passive exposure to 
tobacco, smoke. One of these seven subjects was nonatopic, whereas 
a second 1 subject had a negative response to methacholine challenge. 
The smoke-challenge responses were reproducible in all seven 
reactive subjects. Increasing concentrations of tobacco smoke 
failed! to elicit pulmonary changes in previously challenged, 
unreactive or "smoke-tolerant" subjects. There was no association 
between a positive smoke challenge and the presence of serum IgE 
antibodies and/or a positive immediate wheal-and-flare skin test 
to a tobacco leaf extract. Collectively, these studies document a 
significant decline in pulmonary function in a substantial 
percentage (33%) of a population of "smoke-sensitive" subjects 
with asthma exposed to environmental tobacco smoke. The data also 
dissociate this effect from tobacco-leaf hypersensitivity. 
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Cigarette smoke-sensitive asthma: 
Challenge studies 


Richard P. Stankua, PhD, MD, Pram K. Manon; MD, Roy J. RandOi ScD, 
Hanry Glindmayer, DEng, John E. Safvaggio, MD, and 
Samual B. Lahrar, PhD New Orleans, La l 


The effects of exposure to environmental tobacco smoke on pulmonary Junction were assessed in 
21 subjects with asthma who claimed respiratory complaints (cough, shortness of breath, and 
chest tightness) on previous exposure to cigarette smoke. Exposure to mechanically produced 
tobacco smoke was performed in a static inhalation chamber for two 2-hour intervals at two 
distinct smoke levels (as measured by carbon monoxide, nicotine, and particulate levels). Seven* 
of the 21 smoke-challenged subjects experienced a significant (>20%) decline in FEV, during*/ 
passive exposure to tobacco smoke One of these seven subjects was nonatopic, whereas a second 
subject had a negative response to methacholine challenge. The smoke-challenge responses 
were reproducible in all seven reactive subjects. Increasing concentrations of tobacco smoke 
failed to elicit pulmonary changes in previously challenged, unreactive or "smoke-tolerant" 
subjects. There was no association between a positive smoke challenge and the presence of serum 
JgE antibodies and)or a positive immediate wheal-and-flare skin test to a tobacco leaf extract. 
Collectively, these studies document a significant decline in pulmonary Junction in ajpbstarpud 
percentage (33%) of a population of M smoke-sensitive " subjects with asthma exposfoio ^ 
environmental tobacco smoke The data also dissociate this effect from tobacco-leaf 
hypersensitivity (J Allergy Cus Immunol 1988.82:33IS.) 


Results of several attempts to define the effects of 
passive cigarette-smoke exposure on king function in 
subjects with asthma have been contradictory. In some 
studies, no subjects with asthma experienced signif¬ 
icant declines in pulmonary function, 1 3 but in another 
study, subjects with asthma demonstrated a significant 
(>20%) fall in FEV, after exposure to ETS. 3 Certain 
limitations in study design presumably contribute to 
the discrepancy in results obtained from these previous 
studies. Therefore, we designed the present study to 
address these criticisms and answer the question, Can 
exposure to tobacco smoke produce a significant de¬ 
cline in pulmonary function in “smoke-sensitive” sub¬ 
jects with asthma? 
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Abbreviations used 
ETS: Environmental tobacco smoke 
TLE: Tobacco*leaf extract 
CO: Carbon monoxide 


MATERIAL AND METHODS 
Subjects 

Twenty*one adult subjects with asthma who claimed ex¬ 
acerbation of their asthma on ETS exposure were recruited 1 
for study. Study subjects ringed in age from 2!I to 50 years 
and included 16 female and five male subjects. Participants 
were chosen from respondents to a newspaper advertisement 
announcing the study. The absolute criterion for selection 
was a diagnosis of asthma that subjectively was exacerbated 
by exposure to ETS (i.e., “Smoke-$en$itive r ’ asthma). The 
diagnosis of asthma was made previously by the subject's 
personal physician: Thirteen subjects were nonsmokers and 
eight were exsmokers (cessation of smoking more than 
1 year). All 21 subjects claimed chest symptoms (chest 
tightness, shortness of breathi and cough) on exposure to 
ETS Nineteen of the 21 subjects were atopic with asthma, 
as defined by immediate wheal-and-flare skin itest reactivity 
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to two or more common inhalant allergens from a skin test 
panel of 20 common seasonal and environmental allergens 
<e:g., house dust. mite, ragweeds grasses, and trees) Nine¬ 
teen subjects had a positive methacholine challenge and two 
, , .yibiecrs did noti The methacholine challenge test was con¬ 
ducted by delivering sequential doses of methacholine in 
phenol-buffered saline solution (0.06.0.12.0.25,0.50. 1.0, 
2,0. 4.0, 8.0. 16.0. and 32.0 mg/ml) via mouthpiece with 
a DeVilbiss (DeVilbiss Co.. Somerset. Pa.) No. 45 nebu¬ 
lizer Each nebulizer was attached to compressed air at 20 
psii producing, with the air vent closed, an outlet flow of 

II. 0 1 ± 0.1 L'min. The length of each nebulization was 
controlled by a nebulization dosimeter (Rosenthal-French 
dosimeter, Johns Hopkins University, Baltimore, Mdi) at a 
setting of 0.6 sec per inhalation. The mean output for each 
nebulizer varied between 43.3 and 47.1 m- 1 of solution per 
five inhalations with an intranebulizer variability between 
0.9% and 513%, Subjects wore noscclips during methacho¬ 
line challenge. Each dose was delivered during 2 minutes 
of normal tidal breathing. The FEV, was determined with 
a Pulmonaire (Jones Medical Instrument Co., Oak Brpok. 

III. ) spirometer at 0.5 and 4 minutes after each dose. If at 
either time there was a 20% or more fail in FEV, from the 
baseline prechallenge value, the test was terminated. If the 
FEV, did not decrease by this amount, then the next dose 
was delivered. The cumulative dose of methacholine that 
corresponded to a 20% decrease in FEV, was determined 
by linear interpolation of the list two points on the dose- 
response curve * This provocative ddse of methacholine that 
causes a 20% decrease in FEV, is the PD*. 

Cigarette smoke-inhalation challenge 

The general challenge protocol consisted of an initial 
history and physical examination of the study subjects and 
their completion of a questionnaire regarding smoking hab¬ 
its, symptoms of asthma, and atopic background together 
with symptoms experienced on exposure to ETS. After al¬ 
lergen skin testing and methacholine challenge, the 21 sub¬ 
jects were scheduled for cigarette smoke*-inhalation chal¬ 
lenge. Participants were instructed to avoid theophylline and 
oral sympathomimetic medications for 24 hours before chali 
lenge. Inhaled bronchodilators were stopped 8 to 12 hours 
* before each test, in accordance with established guidelines/ 
Only three subjects were talcing oral or inhaled steroids 
(prednisone, 7.5 mg each morning, orbeclomethasone. two 
puffs four times daily), and this medication was withheld 
the morning of challenge. All subjects underwent cigarette- 
smoke challenge while their asthma was “stable” (iie.. no 
recent (less than 3 months] asthma flkres, hospitalizations, 
upper respiratory tract infections* or significant adjustments 
ini asthma medications). 

After informed consent, as outlined by the Tulane Uni¬ 
versity Human Investigation Committee, the subjects en¬ 
tered a static inhalation chamber (12 by 7 by 11 feet) in 
which a temperature of 21° C and relative humidity of 50% 
were maintained Baseline pulmonary function testing 
(FEV,, FVC, and peak flow) was performed in the chamber 
with a Pulmonaire spirometer and Wright peak-flow meter. 
The subjects were then exposed for 2 hours to the cigarette^ 


smoke particulate level of approximately 400 cpm produced 
initially by igniting two cigarettes and, subsequently; by 
lighting additional cigarettes in ord^r to maintain this level, 
Cigarettes (IR2F research cigarenes. American Tobacco In+ 
stitute) were “smoked” via a Bbrgwaldt fully automa¬ 
tic smoking machine (Heinrich Bbrgwaldt. Hamburg, 
West Germany). In general, 7 to 10 cigarenes were ignited 
and burned during this “low-lever’ exposure. Triplicate mea¬ 
surements of FEV, were obtained at 30-minute intervals 
dining cigarette-smoke challenge. Data are expressed as the 
singife best effort to the three determinations for each time 
interval. Routinely, there was <5% difference in FEV,, 
among any three determinations If a significant (>20%)' 
decline in FEV, was not induced by this first challenge, the 
subjects were allowed to exit the chamber, rest for a period 
of 30 minutes, and then reenter the chamber for a second 
smoke challenge of 2 hours . This second "high-liver 1 ex¬ 
posure began by igniting four cigarettes and subsequently 
burning additional cigarenes to maintain a cigarette smoke- 
particulate level of approximately 800 cpm A total of 15 
to 19 cigarenes was burned to maintain this “high-level'’ 
exposure. If a significant decline in FEV. did not occur after 
this second challenge, the subjects were allowed to ex it from 
the chamber, and the challenge procedure was terminated. 
Those subjects who experienced a significant fall in FEV, 
were removed from the inhalation chamber and iadininistered 
a nebulized treatment with metaproterenol and/or a sub¬ 
cutaneous injection of epinephrine followed by repeat pul¬ 
monary function testing. AIJ subjects were allowed to exit 
the chamber and terminate the challenge if at any time the 
exposure conditions became intolerable. No subject re¬ 
quested termination of the challenge. 

Quantitation of cigarette-smoke exposure 
during inhalation challenge 

The level of cigarette-smoke exposure during broncho^ 
provocation studies was determined by measuring the COj 
nicotine, and total paniculate levels in the inhalation cham¬ 
ber during challenge with “low-level” and “high-level” cig¬ 
arette smoke. Both mainstream and sidestream smoke were 
produced! Mainstream smoke was passed through a tube 
packed with glass fibers* thus removing some of the panic¬ 
ulate phase but presumably little of the gas-phase compo¬ 
nents, such as CO and nicotine . Airborne particulate levels 
were used as the primary indicator of smoke concentration 
and were continuously monitored with a Sibata (MDA Sci¬ 
entific, Lincolnshire, III.) model P5H2 light-scattering aero¬ 
sol indicator Sample air was constantly pulled through the 
aerosol monitor with an external vacuum pump and critical 
orifice operating at a flow rate of 0.43 L/min. The paniculate 
target levels as measured by this instrument were 400, 800, 
and, in a selected population of subjects, 1600 cpm for the 
2 , 4, and 8 cigarette challenges, respectively. 

In addition to continuously monitoring the particulate 
levels with the light-scattering instrument, integrated sam¬ 
ples were collected for gravimetric quantitation of partic¬ 
ulate concentration. Samples were collected during the en¬ 
tire 2-hour challenge period with 37 mm type FA nonstick 
filters (Millipore Corp., Bedford, Mass.) contained in two- 
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TABLE I. Characterization of smoke-challenge atmospheres 


—~ 


Smoka laval 


*Low4#v«r 

'High-laval' 

'Ultra-high laval' 

No. cigarettes smoked 

\D 

W 

14 

La 

17.0 - 2.5 

28.6 ± 5.7 

Concentration CO (ppm) 

8.7 - 1,7 

13.3 ± 3.2 

14.1 - 4.8 

Aerosol (cpm) 

439 ± 53 

oo 

N© 

LA 

14 

1742 1 ± 147 

Aerosol (jig/m 5 ) 

852 ± 52 

1421 - 300 

ND 

Nicotine (|ig/m 5 ) 

180 - 44 

439 -121 

ND 


ND * not done. 


piece polystyrene cassettes. Row rate through the filters 
wasTL/min with SKC (SKC, Inc., Pittsburgh, Pa.) model 
224 constant flow pumps. The filters were weighed before 
and after sampling on either a Mettler model H51AR (Met- 
tier Instrument Corp., Highstown. N.J.) analytical balance 
or a Cahn electrobalance (Cahn Instruments Inc.. Cerritos* 
Calif), and the gravimetric concentration of airborne par¬ 
ticulate was calculated in units of micrograms per cubic 
mcteri Additionally* several filters were desorbed with 4.0 
ml!of methanol after weighing The optical density of the 
methanol solution was measured at a wavelength of 325 nm 
with 1 cm quartz spectrophotometric cells. The absorbance 
was then correlated with mass of collected particulate and 
used to estimate the gravimetric concentration of selected 
filter samples 

CO levels were monitored with a Miran (Foxboro Co., 
Foxboro. Mass.) IA gas infrared spectrophotometer. The 
instrument was operated I at a wavelength of 4.7 jim wjth a 
path length of 20.25 tn. The manufacturer s calibration facr 
tor was used to convert optical absorbence measurements 
to pans per million concentration units Before the gener¬ 
ation of smoke in the inhalation chamber, the instrument 
was zeroed with room air; thus* the observed CO level* 
represent the amounts generated via smoking over and above 
the normal background ambient levels of CO. 

Quantitation of airborne nicotine levels was based on the 
method i of National Institute for Occupational Safety and 
Health. 5 Samples were collected on commercially available 
* XAD-4 sorbent tubes (SKC, catalog No. 226-30-11-04) at 
a flow rate of 0.1 L/min. Sample duration was limitedito 
I hour. After sampling, the XAD-4 tubes were desorbed 
with 1.0 ml of 0.01% triethylamine in ethyl acetate plus 50 
p,l of a quinoline solution 00,0 pi/ml in ethyl acetate) 
added as an internal standard. The samples were analyzed 
by gas chromatography on a Hewlett-Packard model 5880A 
chromatograph (Hewlett-Packard Coj, Palo Alto. Calif) 
with a nitrogen-phosphorus detector The column was a 
fused silica capillary, 30 m by 0.53 mm. coated with a 1.5 
iun film of DB-5 (5% phenylmethylpolysiloxane. Ji& W 
Scientific, Inc.. Rancho Cordova, Calif.): The carrier gas 
was helium at a flow rate of 15 ml/min. Oven temperature 
was programmed from 150° C to 175° C at 5° C per minute, 
with no initial hold time. The injector temperature was 
250° C. Injection volumes were 2:0 jil The ratio of the 


areas of the nicotine and quinoline peaks was compared to 
a standard curve generated from serial dilution of a nicotine 
stock solution for quantitation. 

Skin and RAST testing with TLE 

All 21 subjects were prick skin tested with a commercial! 
TLE (Greer Laboratories, Lenoir, N C.) and a TLE prepared 
in our laboratory from the tobacco contents of research 
cigarettes (IR2F) provided by the Tobacco Institute .* Briefly, 
the tobacco was suspended 1 in sterile 0.1 mol L of 
phosphate-buffered saline (pH 17.49 and mixed overnight at 
4° C The suspension was centrifuged at 1400 g for 15 
minutes, and the supernatant was dialyzed! against either 
distilled water or borate buffer (0.2 mol L. pH 8:0) for use 
in the RAST. Direct RAST was performed With the use of 
CNBr-activated paper disks for the detection of leE anti¬ 
bodies to TLE * For the RAST. antigen was coupled to disks 
at 1 mg per disk. For the test. 100 m- 1 of the subject's serum 
was incubated overnight with an allergen disk. After wash¬ 
ing with physiologic saline, disks were incubated overnight 
with 100 tU of ,25 I-labeled anti-lgE antiserum (Kallestad 
Laboratories. Austin. Texas) (25.000 cpm). washed with 
saline to remove unreacied material L and counted in a Beck¬ 
man (Beckman Instruments Inc,.. Irvine. Calif.) gamma 
counter to determine radioactivity* in counts per minute 
bound to the disks. For evaluation of results. a RAST percent 
binding was obtained by dividing the counts per minute of 
test disks by counts per minute of 125 I-labeled ami-IgE added! 

RESULTS 

Quantitation of cigarette-smoke exposure 
during inhalation challenge 

Before inhalation challenge, the "lever of tobacco- 
smoke exposure in the environmental chamber was 
quantified after the initial combustion of either two or 
four cigarettes (“lowrdose" and “high-dose" levels) 
For a selected population of subjects* the room was 
filfod with cigarette smoke generated by initially ig¬ 
niting eight cigarettes. 

The means and standard deviations of the pararnr 
eters used to characterize the smoke challenge at¬ 
mospheres are listed in Table I Good correlation was 
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RG. 11 Percent decline inFEV, of 21 "smoke-sensitive" subjects with asthma. Each bar graph 
represents the greatest decline from baseline FEV, during "high-level" and/or "low-level" chal¬ 
lenge. Briefly, the change in FEV, represents the best effort of three determinations of FEV, 
obtained at 30-minute intervals during a single or two 2-hour passive cigarette-smoke exposures 
and recorded during the time interval of maximal decline from baseline FEV, (see text for details). 


observed between the number of cigarettes and the 
two measures of particulate matter as well as the nic¬ 
otine level. A relatively poor correlation was found 
with the CO levels. 


Symptoms and pulmonary-function changes 
during ETS exposure 


£ye jnitation w*$ experienced by all tested sub¬ 
jects!p<^c^^|||inu$ bead^ 
ache were, also exj —*—&*****' * 

fSxip 



fatness 

rnmssm 


FEV, 


Seven of tbe.21 smoke-challenged subjects dem¬ 
onstratedaslgnifacant (>20%) fall in FEVi OO pasjfe 
exposure to cigarette smoke (Fig. 1). Peak expinrc*? 
flow rates and FVC demoostrated similar declines, 
and dierp was good ^orveladba bervi^ changes in 
FEvf and peak flow rates. There was no association 
between severity of asthma as judged by baseline 
FEV,, PD» f medications required to control disease, 
or number of hospitalizations per year and the occur¬ 
rence of a positive cigarette-smoke challenge (Table 
II): Two of these reactive subjects responded to the 
initial “low-lever’ cigarette exposure (total of eight 
cigarettes burned in 2 hours), whereas the remaining 
five subjects reacted to the second “high-lever’ ex¬ 


posure only (total of 16 cigarettes burned in 2 hours). 
The results of two of these positive smoke challenges 
are depicted in Fig$. 2 and 3. The positive response 
produced 90 minutes during smoke inhalation (flow- 
level”) in a “smoke-sensitive” subject with asthma is 
illustrated in Fig. 2. FEV, declined to 50% of baseline 
at 2 hours of smoke inhalation. This response was 
completely reversed within 15 minutes of administra¬ 
tion of epinephrine and metaproterenoll Indeed. FEV, 
improved above baseline, suggesting a degree of pul¬ 
monary obstruction before the inhalation of cigarette 
smoke. The response elicited in a subject who was 
unreactive to methacholinc challenge on both of two 
distinct testing days (6 months apart) is illustrated in 
Fig. 3. In this subject; a significant decline in FEV, 
occurred 30 minutes after “high-level” tobacco-smoke 
exposure. All seven smoke-reactive subjects reversed 
their pulmonary obstruction after administration of a 
bronchodilator (metaproterenol and/or epinephrine). 

experienced sim- 

challenged with 'tobacco smoke on subsequent days 
(dau not presented). 

Fourteen of the 21 subjects with asthma who 
claimed worsening of their asthma on exposure to 
cigarette smoke before challenge did not experience 
a significant fall in FEV, (Fig. 1). All 14 subjects 


to 

% 

CO 

% 

CD 

cn 

oo 
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TABLE H. Characteristics of cigarette smoke-sensitive subjects with asthmai 



Smoke-challenge positive 



Smoke-challenge negative 


—Pfc Noj 

Age/Sex 

Meds 

PO K * 

Pt. No. 

Age/Stx 

Medi 

K>»T 

1 

39/M 

T,B,A,S 

0.3 

8 

42/F 

T 

8.0 

2 

34/F 

T,B,C 

2.0 

9 

39/F 

. B 

2.3 

3 

50/F 

B 

12:0 

10 

24/F 

B 

1.0 

4 

34/F 

B 

Neg 

11 

33/F 

B 

60:0 

5 

34/M 

T.B t A 

1.8 

12 

311/M 

B 

Neg 

6 

38/F 

T,B 

06 

13 

26/F 

ms 

50:0 

7 

42/F 

T.B.S 

3L8 

14 

33/F 

B 

5:0 





15 

39/M 

B.A.C 

1.3 





16 

26/F 

B 

8:0 





17 

34/F 

T.B 

80 





18 

21 /F 

T.B 

0.8 





19 

25/M 

T 

50 





20 

25/F 

T 

5:0 





21 

25 /F 

B 

0.8 

Ft ;« patient: 

meds * medications: 

T * theophylline: 

B - 

bronchodilator (sympathetic): A * 

ami histamine. S 

■ steroid: C = 


cromolyn: neg * negative 

•Cumulative dose of methacholine in breath units. One breath unit equals one inhalation of a dosimeter-delivered puff of a methacholine 


solution of concentration 1 mg/ml. 


tolerated exposure to both "low-lever' and “high- 
level" cigarette smoke. Five of these subjects related! 
such a strong history of cigarette-smoke sensitivity 
that they were rechallenged on a separate diy to "ultra- 
high" levels of cigarette smoke produced by burning 
approximately 24 cigarettes in a 2-hour period (par¬ 
ticulate level, 1600 cpm). Again, none of these five 
subjects experienced a significant fall in FEV, on 
cigarette-smoke exposure. 

RAST and skin test reactivity to TLE 

TLE reactivity was assessed in all 21 subjects. Ten 
of the 21 study subjects demonstrated positive wheal- 
and-flare skin test reactivity (a wheal diameter 3 mm 
greater than saline-induced control wheal) to both a 
commercial TLE and one prepared in our laboratory. 
£era from seven of these subjects were reactive by 
RAST to TLE (Table III). There was no association 
between skin test or RAST reactivity to TLE and the 
induction of a positive cigarette-smoke challenge. 

DISCUSSION 

This study was designed to answer whether expo¬ 
sure to tobacco smoke produces a significant decline 
in pulmonary function in subjects with asthma l Al¬ 
though at least three previous studies have examined 
the effects of ETS on both pulmonary function and 
airway reactivity in subjects with asthma, their con¬ 
flicting results together with important limitations in 
study design prompted the present analysis. 


Shephard et al.' assessed the symptoms and airway 
responses of a group of 14 adults with asthma pas¬ 
sively exposed to controlled concentrations of ciga¬ 
rette smoke. Smoke exposure consisted of a single 
2-hour passive exposure to cigarette smoke produced 
by igniting a total of seven cigarettes. These exposure 
conditions generated and maintained a CO concentra¬ 
tion of 24 ppm above ambient and a suspended par¬ 
ticulate concentration of 2 to 4 mg/m*. Changes of 
pulmonary function were slight in all exposed sub¬ 
jects, and dynamic lung volumes, including FEV,, 
were unaltered! Significantly, only four of the 14 
tested subjects claimed respiratory sensitivity to cig¬ 
arette smoke before challenge. 

Dahms et al. 3 exposed 10 subjects with bronchial 
asthma and 10 control subjects to sidestream cigarette 
smoke for 1 hour in an environmental chamber. Sub¬ 
jects were exposed to cigarette smoke that produced 
a CO level of 15 to 20 ppm. The group with asthma 
demonstrated a significant linear decrease in pulmo¬ 
nary function during this exposure. After 1 hour, FEV, 
decreased 21% in the subjects with asthma. The con¬ 
trol subjects demonstrated no change in pulinonary 
function when they were exposed to identical condi¬ 
tions. Unfortunately, only group mean data were re¬ 
ported, and it is not possible from the data to determine 
if all or only a fraction of the group with asthma 
experienced a ^20% decline in FEV,. 

Recently, Wiedemann et al. 2 studied the acute ef¬ 
fects of 1 hour of passive cigarette-smoke exposure 
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FIG. 2. Decline in baseline FEV, produced during “low- 
level" smoke exposure in a "smoke-sensitive" subject 
with asthma. Circles represent the highest of three deter¬ 
minations of FEVt at each time interval during smoke chal¬ 
lenge. BD, point of time of administration of bronchodi- 
lator. 


(CO kvel 40 to 50 ppm) on lung function and airway 
reactivity of nine adults with asthma. Six of the nine 
subjects with asthma claimed that cigarette smoke 
“bothered” their asthmai ETS exposure produced no 
significant change in expiratory flow rates and a small 
decrease in nonspecific bronchial reactivity. 

All the above studies possess similar characteristics 
of their patient population and study design that differ 
significantly from our study. First, these earlier studies 
used relatively small numbers of subjects with asthma, 
of which only a fraction complained of worsening of 
their asthma on passive exposure to cigarette smoke. 
Of even greater consequence, however, previous chal^- 
lenge studies have been limited in that only a sin¬ 
gle 1- or 2-hour exposure to tobacco smoke was 
performed. 

The present study chalknged 21 “smoke-sensitive” 
subjects with asthma, many of whom were challenged 
with cigarette smoke on multiple occasions All seven 
of the “smoke-reactive” subjects were rechailenged 
on separate days and demonstrated reproducibk de¬ 
clines in FEV|. Similarly^ five of the nonreactive 
“smoke-tolerant” subjects with asthma were chal- 


J. n mmlncl 
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knged multiple times at varying smoke concentrations 
with no change in FEV,. Perhaps the most important 
and distinctive feature of our study design was the use 
of two 2-hour exposures during smoke challenge . Ih- 
< deed, if length of exposures similar to previous studies 
^single, 1-, or 2-hpuir challenges) were used in the 
©resent study, none or at most two of the seven 
Asmoke-reactive”subjects with asthma would have 
*een identified. No subject experienced a^nificant 
fall in FEV, during the first hour of challenge ,^and 
five subjects were reactive to only the 2-hour “high- 
level” challenge. Clearly, in our study, length of ex¬ 
posure to ETS represents an important parameter im 
defining “smoke reactivity.” 

Challenge conditions (length and “level” of expo¬ 
sure to cigarette smoke) designed for the present study 
appeared adequate to distinguish subjects whose 
asthma was exacerbated on exposure to cigarette 
smoke. Indeed, five subjects who did not experience 
a significant fall in FEV, under standard challenge 
conditions were exposed to levels of cigarette smoke 
that produced a paniculate level of 1600 cpm (twice 
the original “highrlevel”);. None of these subjects ex¬ 
perienced a significant decline in FEV,. It is important 
to note that use of the phrases “low-level” and “high- 
level” to characterize the smoke environments used 
for challenge studies reflects levels of smoke exposure 
relative only to this study: These exposure conditions 
were representative of moderate to high “real-world” 
smoke-exposure environments. Virtually all 1 the sub¬ 
jects with asthma, however, believed that they had 
been exposed to similar environmental conditions in 
the past: 

Nicotine is generally considered to be the best 
marker for ETS, since there are no significant non¬ 
smoke sources of the material. 1 Both CO and parties 
ulkte levels demonstrate significant contributions from 
normal ambient levels independent of smoking; In our 
experiments, background CO has beem factored I out 
of our measurements by zeroing the infrared monitor 
with challenge room air before smoking. Particulate 
levels do, however, reflect a contribution from normal 
background levels. 

The particukte levels of 852 and 1421 |xg/m 3 for 
the “low” and “high” level exposures, respectively, 
are within the upper range of levels identified in var¬ 
ious surveys of taverns and game hails. 9 Likewise, 
the nicotine levels are also in the upper range of con¬ 
centrations identified in public places (approximately 
l to 100 M-g/m 3 ), although most of these measure¬ 
ments are in the range of 10 ng/m 3 !* 

The CO levels measured during the challenges are 
comparable to measurements made during many sur¬ 
veys of public facilities. However, these are charac- 
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RG. 3. Decline in baseline FEV, produced during *low-lave!" (Jeft-hend side} and "high-Jever 
exposure to tobacco smoke. Circles represent the highest of three determinations of FEV, at 
each time interval during smoke challenge. BD r point of time of administration of bronchodiiator. 


terized by variable results and are usually significantly 
influenced by background levels of CO produced by 
automotive emissions and other sources of combus¬ 
tion. Overall, the data indicate that the smoke levels 
generated for the challenge testing are considerably 
higher than normally found in such places as restau¬ 
rants and offices but are within the range reported in 
crowded, poorly ventilated taverns, sports arenas, and 
closed automobiles 

The gradual declines in FEV,, recorded in all seven 
cigarette smoke-reactive subjects differ from both the 
early and'late asthmatic responses indticed by classic 
allergen inhalation testing. Accordingly, the mecha¬ 
nising) of cigarette smoke-indticed bronchospasm re¬ 
mains unclear. Preliminary studies in our laboratory 
have failed to demonstrate an increase in serum his¬ 
tamine level in subjects with a positive smoke chal¬ 
lenge. The contribution of neural pathways or "psy¬ 
chologic overlay" in the initiation of cigarette smoke- 
induced asthma cannot be excluded in the present 
study. Cigarette smoke might trigger emotional re¬ 
sponses that may serve to aggravate an already ex¬ 
isting respiratory problem. Although it is impossible 
to mask the smell of cigarette smoke and control for 
the psychologic effects of cigarette-smoke exposure, 
we did perform sham exposures by placing the sub¬ 
jects in the inhalation chamber and measuring FEV, 
dtiring a 2-hour interval. No significant declines in 
FEV, were recorded in any of the subjects dbring this 
mock challenge. 

Nineteen of the 21 subjects with asthma challenged 
in our study were atopic. Ten subjects demonstrated 
immediate prick skin test reactivity to both a com¬ 
mercial TLE and an extract prepared in our laboratory 


TABLE III. Skin test and RAST reactivity 
to TLE 


Pt. No. 

ST* 

RASTt 

Smoko 

dialling* 

1 

+ 

4.4 

+ 

2 

■fri- 

3.5 

+ 

3 

+ 

3:8 


4 

+ 

7:3 

- 

5 

+ 

3i8 

- 

6 

+ 

12.5 

- 

7 

+ 

9,6 

- 

8 

+ 

6.6 

- 

9 


4.4 

- 

ID 

+ 

4.3 

- 

11 

- 

1.2 

+ 

12 

- 

0.8 

«*■ 

13 

- 

1.3 


14 

- 

1.3 

+ 

15 

- 

1,2 

- 

16 

- 

1.1 

- 

17 

- 

0.6 

- 

18 

- 

0.4 

- 

19 

- 

1.2 

- 

20 

- 

0.9 

- 

2!ll 

- 

1.2 

- 


immediate skin test reactivity, 
+RAST percent binding 


from the tobacco contents of research cigarettes. Sera 
from seven of these 10 skin test-reactive subjects were 
positive by RAST to TLE. It has been suggested by 
results from at Ibast one previous study 10 that tobacco- 
leaf reactivity is associated with cigarette-smoke sen¬ 
sitivity, This conclusion; however, was based on the 


Source: https://www.industrydocuments.ucsf.edu/docs/tgnxOOOO 
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results of subjective improvement after immunother¬ 
apy with TLE and did not include objective measure¬ 
ments of benefit. 1ft the present study, we found no 
m correlation between the presence of a positive RAST 
and/or immediate skin test reactivity to TLE and a 
significant decline in FEV, on cigarette-smoke chal¬ 
lenge. Therefore, these results do not support the use 
of TLE reactivity as an aid in the diagnosis of cigarette 
smoke ^sensitive asthma. 

The tobacco plknt belongs to the botanical family 
Soianaceae. Several foods, such as potatoes, toma¬ 
toes, eggplants, and green peppers, are also members 
of this botanical family. The tobacco leaf is a heter¬ 
ogeneous mixture of proteins, and there are multiple 
combustion products of tobacco that increase the com¬ 
plexity of antigen analysis. There are >2000 partic¬ 
ulate, gaseous, and semivolatile components in to¬ 
bacco smoke. 11 Therefore, defining the association of 
tobacco-smoke antigens/ allergens with allergic res¬ 
piratory disease must await the identication/isolation 
of appropriate substances for patient testing. 

The results of this study demonstrate that a signif¬ 
icant percentage(33%) of 
claim worsensing of thek asthn^ionpto 
to ETS experience a >20% decline tn ltV^onstfSte 
/ challenge. The reason(s) that the remaining two thirds 
of "smoke-sensitive" subjects with asthma do not ex¬ 
perience objective changes in pulmonary function on 
exposure to ETS remains to be answered. It is con¬ 
ceivable that additional influences on pulmonary func¬ 
tion (exercise oral&hol) may contribute & respire 
changes in associlifron with ETS expoSire. 12 A typical 
example would be subjects with asthma who are danc* 
ing and/or ingesting alcohol in a smoke-filled night¬ 
club. An analysis of these additional, potentially ag¬ 
gravating influences is currently under investigation. 


We thank Mr M. Connor and Dr. M. Ogden of R J. 
Reynolds Tobacco for assistance in the development of an¬ 
alytical methods for particulate matter and nicotine, and 
Josephine D. Stankus and Byron Lockhart for their expert 
technical assistance. 
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SUMMARY: To contribute more comprehensive information about the 
characteristics of asthma, this article analyzed patients served 
by the University of Alabama at Birmingham Comprehensive Asthma 
Program. Their physicians rated one fifth of these patients as 
having "severe" asthma with the remainder about equally divided 
between "moderate" and "mild." One in two first received^ a 
diagnosis of asthma ten or more years previously. Common 
comorbidities were hypertension, obesity, rhinitis, bronchitis, 
sinusitis, and arthritis. One half had visited an emergency room 
or been hospitalized for asthma in the past year. Inhaled 
bronchodilators and continuous theophylline were the most commonly 
prescribed medications. Side effects, especially tachycardia and 
insomnia, were common and almost exclusively associated with 
theophylline or corticosteriod therapy. Spirometric assessment 
showedi chronic airflow obstruction in those with more severe asthma. 
Prevalence of respiratory symptoms, intensity of medication regimen, 
incidence of side effects, and health care utilization increased 
as asthma severity increased. 
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Characteristics and Correlates of Asthma 
in a University Clinic Population* 

\MUiam C. Bailey , M.D ... EClC R; James Si. Richards. Jt % Ph .D; 

Bryn A. ManzeUa ; M.P:H.;C. Michael Brooks. Ed D.; 

Richard A, Windsor, Ph.D., M.P.Hand Seng-jau Soong, Ph.D. 


T© contribute more comprehensive information about the 
characteristics of asthma this article analyzed patients 
served by the University of Alabama at Birmingham 
- Comprehensive Asthma Program. Their physicians rated! 
one fifth of these patients as having “Severe” asthma with 
the remainder about equally divided between “moderate" 
and “mild." One in two first received a diagnosis of asthma 
ten or more years previously. Common comorbidities were 
hypertension, obesity, rhinitis, bronchitis, sinusitis, and 
arthritis. One half had visited an emergency room or been 
hospitalized for asthma in the past year. Inhaled broncho- 
dilators and continuous theophylline were the most com¬ 


monly prescribed knedkations. Side e fleets, especially tachy¬ 
cardia and insomnia, were common and almost exclusively 
associated with theophylline or corticosteroid therapy. Spi- 
rometrk assessment showed chronic airflow obstruction in 
tbose with more severe asthma. Prevalence of respiratory 
symptoms, intensity of medication regimen, incidence of 
side effects, and health care utilization increased las asthma 
severity increased. (Chest 1990; 98:821-28) 


UAB-Universtty of Alabama at Birmingham 


A sthma in adults contributes substantially to mor- 
L bidity, mortality, and Health care costs in the 
United States More than 3 percent of total outpatient 
visits are attributable to asthma. 1 1ft 1983 there were 
459,000 hospitalizations for asthma and 3,440 deaths 
listing asthma on the death certificate as the underly¬ 
ing cause of death; an additional 4,000 deaths recorded 
asthma as a comorbidity factor. 2 The epidemiology of 
asthma is not completely understood, and recommen¬ 
dations for research to clarify this issue were presented 
in a recent review. 3 The present article is a step in 
addressing these recommendations. 

The Comprehensive Asthma Program at the Uni¬ 
versity of Alkbama at Birmingham (UAB) was estab¬ 
lished in 1981 to coordinate diagnostic and therapeutic 
service for inpatient and outpatient adult asthma 
care; The present article summarizes characteristics 
of the adult asthma population who received outpatient 
care at UAB l We examined demographic characteris¬ 
tics, comorbidity, pulmonary function, asthma severity 
and symptoms, medication patterns, and health care 
utilization Because UAB is a tertiary care institution, 


•From the Divisioni of Pulmonary and Critical Care Medicine, 
University of Alabama at Birmingham (UAB), and the Veterans 
Affairs Medical Center. Birmingham (Dr. Bailee); the UAB Office 
of Educational Development fDrs Richards and Brooks), the UAB 
Division of Pulmonaryand Critical Care Medicine (Mi. ManzeUa); 
the Department of Health Beha^or. UAB School of Public Health 
(Dr Windsor hand the UAB Comprehensive Cancer Center (Dr. 
Soongl 

This work was supported by the research Rinding from the Division 
of Lung Diseases, the National Heart. Lung: and Blood Institute 
Grant RO1HL3U81-03 

Manuscript received December 11; revision accepted March 26 
Htprint requests Dr Bailey. 700 South 19th Street, Birmingham, 
AL 35233 


these patients may not represent the population of 
adults with asthma in Birmingham and also may or 
may not be completely representative of populations 
at other university-based asthma care programs. 
Therefore, this report is no substitute for comprehen¬ 
sive epidemiologic studies, but it is an important step 
in developing baseline data for nonhospitalized adult 
populations receiving treatment for asthma. 

Methods and Materials 

Subjects 

Much of the data were collected in connection with a study 
funded by the National Heart, Lung, and Blood Institute (Bethesda. 
Md) to evaluate a special educational program designed I to improve 
the self-management skills of adults with asthma/ 1 * Subjects were 
recruited from an overall pool of 479 adults who had received 
treatment in the UAB Asthma Program. Basic demographic and 
oomorbidity data were collected for these patients from clinic 
recordi Data with respect to asthma severity and duration were 
collected for a smaller set of 366 patients who were screened for 
participation in the clinical intervention during regular clinic visits 
The primary data for the present research, however, were based on 
the 263 (73 percent) screened patients who meet the eligibility 
criteria listed below and were willing to participate. (Only 11 
eligible subjects refused to participate ) Data were collected from 
those 263 patients through a combination of physician ratings, 
structured interviews, and questionnaires. The eligibility criteria 
included the following: U) age 17 years or older: (2t recurrent 
episodes of wheezing or dyspnea; (3^ sufficient History available to 
categorize asthma seventy; <4* objective evidence of airway obstruc¬ 
tion during episodes; t5) objective e>idenee of imprmed airflow 
when symptom free, (6) asthma severe enough to require some 
medication at the time of randomization and (7) absence of chronic 
or debilitating disease that would compromise interpretation of 
data: 

Demographic Characteristics and Comorbidity 

Data from clinic records were used to examine the basic charac- 
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ttristics of the patient population served by UAB: Demographic 
charade ns tics included sex, race. age. and marital status Data 
were also utotHned for the following major types of comorbidity 
hypertension. obesity rhinitis. bronchitis, sinusitis, arthritis, dia¬ 
betes mellitus. and Ichromc obstructive pulmonan disease yCOPD). 

.Asthma Severity and Duration 

Asthma seventy was assessed by the regular pulmonary physician 
of each patient screened for the self-management study. Physicians 
were asked only to classify each patient as having mild, moderate, 
or severr asthma, iising sperific w ritten guidelines. These guidelines 
emphasized that physicians were to rate the severity of the 
underling disease, not status dunng a particular episode A series 
of studies yielded results strongly supporting the usefulness and 
appropriateness of these simple ratings.* 4 

Asthma duration was assessed in terms of the number of years 
since the patient first received a diagnosis of asthma. We used a 
three-point scale with the following categories: (a) less than 10 
\ears. tb' 10 to 29 years, and tc) 30 years or more. 

Baseline Research Interview 

A baseline research interview was conducted with each subject 
entered into the self-management study. This interview was struc¬ 
tured to characterize each patients asthma and its impact on life¬ 
style ' Data are organized into the following categories; (1) back¬ 
ground characteristics: i2V smoking patterns; (3) pulmonary func¬ 
tion; <4 ^ asthma symptoms. (5) respiratory illnesses and symptoms. 
(6) medication regimens adherence, and side effects, and i7) health 
care utilization. 

Background Characteristics and Smoking Bitterns 

The baseline interview included questions about the following 
background characteristics educational level, number of children, 
employment status, and third-party coverage for medical care costs. 
Both active and passive smoking were assessed. 

Pulmonary Function 

Pulmonary functioning was measured through spirometric as¬ 
sessment. Three measures were obtained: (a) forced vital capacity 
iFVC). <b) forced expiratory capacity in 1 s (FEVJ, and (cj ratio of 
FEY, to FVC 

Asthma Symptoms 

Two sets of measures were used by the patients to subjectively 
asses* their asthma. The first consisted of six "bother scales" in 
which subjects rated the amount of distress caused by asthma on a 
fourpoint scale ranging from a score of 11 for "not at all bothered, 
no symptoms" to a score of 4 for "severely bothered, unable to 
function" The six scales assessed the extent to which patients 
“typically” were bothered in the winter, spring, summer, and fall! 
and the extent to which they had been bothered in the past seven 
days and in the past 24 hours.* The second! measure used the 
Arthma Symptoms Checklist.' a 36-item Likert-type scale devel¬ 
oped at the National Asthma Center-National Jewish Hospital” to 
analyze the incidence of five types of symptoms ^-airway obstruc¬ 
tion, fatigue, irritability, panic-fear, and hyperventilation—during 
asthma attacks. Scores ranged from; l for “never" occurring as part 
of an attack to 5 for “always” occurring. 

Respiratory Illnesses and Symptoms 

Subjects were asked whether they had experienced any episodes 
of the following respiratory illnesses during the past 12 months; (a) 
prolonged shortness of breath, (b) colds, upper respiratory tract 
infections, (c) spells of coughing, (d) bronchitis, and (e) pneumonia: 
Similarly, patients were asked if they had experienced the following 
respiratory symptoms dunng the past seven days, (a) shortness of 

S22 


breath. <bi coughing. ic) wheezing (d) decreased exercise tolerance. 
ie) increased sputum, if) thick sputum> and tg) green or yellow 
Sputum: 

Medication 

The interview provided information about whether the recom¬ 
mended medication regimen for each patient included ia) ian inhaled 
broncbodilAtor ib» continuous theophylline, id two or more courses 
ofistemids in the past year. idVsome other inhaled medication, and 
tel two or more courses «if antibiotics in the past year. Two swotem 
scales assessed adherence to the recommended oral and inhaled 
medication regimens. These scales were based on the prototype 
scale described by Momskey et ali n The wording was changed 
slightly to be more applicable to asthma, and items were added to 
assess overuse. 

Previous research has indicated that improper use of inhalers is 
a significant problem in adults with asthma 14 Therefore, a ten-item 
observational checklist to assess inhaler use skills was developed 
and demonstrated to have good measurement characteristics * Each 
of these three scales was scored in terms of whether each patient 
was adherent on off items in the scale. This score represents the 
desirable level of adherence, not an extraordinary■■level. 

Medication side effects can be a significant problem in the 
management of adult asthma: Therefore, subjects were asked if 
they had experienced the following side effects in the past three 
months: (a) pounding heart itachycardia). ib» insomnia. \cl nausea, 
id) bad dreams, (e) white spots in the mouth *oral thrush', vf) seizures, 
and (gj "any other side effect of your asthma medicine " 

Health Care Utilization 

Pbor self-management of adult asthma ma\ produce overu til na¬ 
tion of health care resources. To address this issue, subjects were 
asked if a respiratorv problem had caused the following events 
during the past year: (a) telephone call Ito a physician <bi office visit 
to a physician, (c) emergency room visit, and id) hospital nation j 

Statistical Analysis 

The results are reported for the entire sample and. in most cases, 
they are broken down by asthma seventy. In a fow cases, the results 
are alio broken down by duration of asthma or by type of medication. 
(Additional analyses that are not reported herein found no consis¬ 
tently significant impact of asthma duration on the various meas¬ 
ures.) Differences were tested for statistical significance through x J 
for categoric measures and through F or I tests for continuous 
measures. It should be remembered that the varying numbers of 
patients whose data are reported in the tables are due to whether 
or not patients visited the UAB clinic during the data collection 
period and to the eligibility and willingness of patients to participate 
in the clinical intervention. The Ns also vary somewhat among 
variables because data were missing for some patients on specific 
variables (particularly on the Asthma Symptoms Checklist). How¬ 
ever, no systematic differences are present between patients with 
such missing data and patients with complete data. 

Results 

Table 1 summarizes demographic characteristics 
and prevalence of comorbidity for asthma patients at 
UAB. Fen*ale patients predominated in the UAB 
population, confirming results of other studies of adult 
asthma clinics 13 but differing from most epidemiologic 
studies. I4 * l§ The proportion of whites in this study was 
consistent with the racial makeup of the population of 
the Jefferson County (Birmingham) area The age 
distribution in the UAB clinic population was broad 
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Table 1 —Demographic Characteristict and Comorbidity 
-ftCftaitnU Served by the UAB Clinic • 


Screened for Entered into 
Self-Mgmt Self-Mgmt 
Total Study Study 



Bool, % 
(N-479) 

(N-366) 

* X* 

(N- 

% 

263) 

X* 

Sex 






Female 

664 

67.2 

0.47 

65.8 

0.10 

Mile 

33.6 

32.8 


34.2 


Race 






White 

65 1 

674 

3.55 

67.3 

1,22 

Black 

34.9 

326 


327 


Ageyr 






<30 

19,7 

164 

13.81t 

16.0 

9.561 

30-49 

37 8 

37.5 


37,0 


50-69 

30.7 

33.7 


35.9 


*70 

11.8 

12.3 


11,1 


Marital status 






Never married 

22.1 

197 

5.65 

18.3 

5.26 

Formerly married! 

165 

164 


17.6 


Currently married 

614 

634 


64 1 


Comorbidity 






Hypertension 

21.5 

21.6 

0.01 

240 

2,08 

Obesity: 

9.8 

9,3 

0.48 

9.5 

0.06 

Rhinitis 

8.6 

9.0 

0.41 

8.4 

003 

Bronchitis 

8.6 

8.5 

0.02 

8.0 

0.25 

Sinusitis 

67 

6.8 

006 

7.2 

028 

Arthritis 

5.4 

6.6 

3 861 

6.1 

049 

Diabetes mellitus 

4 4 

4.6 

0.25 

5.3 

1.23 

COPD 

3.8 

2:5 

7.24t 

1.9 

5561 


•Note: x* compared screened and entered patients with the 
remainder of the total pool of patients. 
tp<0.01. 

$p<005 

with 42 percent of patients being age 50 years or older. 
Marital status percentages were consistent with the 
norms for the age and sex distributions, 

Hypertension was the most common (22 percent) 
comorbidity factor. Obesity, rhinitis, bronchitis, sinus¬ 
itis, and arthritis alto were present in 5 percent or 
more of the patients These results are consistent with 
the demographic characteristics of UAB patients and 
suggest that asthma patients are much like the general! 
population in terms of the presence of various health 
problems. 

Table 1 also compares the three groups of patients 
who provided 1 data for this study. The results for the 


Table 2 r-Asthma Severity and Duration m Buiente 
Screened for the Self-Management Study 319) 


Yean Since First 
Asthma Diagnosis 

% of 
All 

Patients 

% of Patients 

Whose Asthma Is 

X 1 

Mild 

Moderate 

Severe 

<10 

480 

60.0 

40 0 

40.7 

12.14* 

10-29 

35 1 

280 

400 

39.0 


*30: 

16.9 

12.0 

200 

203 


Total 

100 

100 

100 

100 



•p<0;05 


three groups are highly similar, with the only consis¬ 
tently significant differences indicating that screened 
and entered patients were less likely to fall in the 
youngest age category and less likely to have COPD 
(Our eligibility criteria eliminated patients with severe 
chronic pulmonary obstruction.) Therefore, these re* 
suits indicate that information based on screened and 
entered patients can be generalized to the UAB 
asthma population with considerable confidence 

Additional analyses for patients entered into the 
self-management study found no relationship between 
asthma severity and educational level, number of 
children^ employment status, third-party health care 
coverage, smoking status, or exposure to passive smok¬ 
ing. Only 15.4 percent of the study population were 
current smokers, a substantially lower proportion than 
in the general population. 1 * The study population 
included a substantia] proportion of female former 
smokers (47.0 percent), indicating smoking cessation 
rates among this sample were higher than in the 
general population of female subjects.With regard 
to passive smoking, we found that exposure at work 
was more common (for those who worked) than 
exposure at home. 

Table 2 summarizes the relationship between 
asthma severity and asthma duration. The UAB phy¬ 
sicians rated 40,2 percent of those patients as having 
mild asthma, 42.3 percent as Having moderate asthma, 
and 17.5 percent as having severe asthma. The clearest 
trend in this table is that patients with milder disease 


Table 3 —Pulmonary function m BatienU Entered into the 
Self-Management Study 



FVCfcof 
Predicted, 
Means SD 

FEV,% of 
Predicted! 
MeansSD 

Ratio of 
FEY, to 
FVC. 

Mean ± SD 

All entered patients 







(N-238) 

76.0 

19.5 

690 

23:5 

72:8 

14 1 

Entered patients whose 







asthma is (N * 238) 







Mild 

80.6 

17,9 

77,6 

2119 

77.1 

12 9 

Moderate 

74.7 

19 4 

68 3 

21.7 

74.1 

120 

Severe 

69:8 

21 2 

53.5 

23.0 

60.5 

14 9 

F 

4192* 

17. 

2* 

24.8 

• 

Entered patients who 







Have had asthma 







(N * 214) 







<10 yr 

75.9 

20.0 

71.3 

24 6 

75 0 

14 6 

10-29 yr 

77.3 

20.2 

667 

23 4 

71 8 

13 7 

30+ yr 

73.7 

156 

62.3 

16 6 

684 

13.2 

F 

039 

i 

1:77 

3 04 


Entered patients who 







smoked (N *206) 







Never 

76.4 

18 6 

70.9 

21 3 

74 6 

12 7 

Formerly 

74.2 

19 1 

65.3 

24 1 

70 2 

15.8 

Currently 

70:7 

178 

63 5 

22.0 

720 

14 6 

F 

115 


1.98 

2 09 



*p<0.01 
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Tkble 4 —Asthma Symptom* m Batient* Entered into the Self-Management Study 


All Entered Patients Whose Asthma Is. 

Entered --—---— 

Patients. Mild. Moderate. Severe. 



Mean 

£S D 

Mean fi;SD 

Mean 

iSD 

- Mean 

iSD 

F 

Extent to which asthma svmptoms have bothered patient 
iS* 249) 

Dunne |^ivt 7 daw 

2.53: 

1.19 

2 12 

101 

263 

1.20 

313 

1.24 

12 44* 

In past 24 h 

2.26 

1.19 

1 81 

0 95 

2 34 

118 

2:98 

1 27 

16.72* 

Usually during the 

Sprine 

2.96 

1 06 

2.78 

1.14 

3.14 

0.97 

296 

1.05 

298 

Summer 

2.52 

1.06 

234 

1.05 

262 

l 02 

265 

1 14 

217 

Folli 

2.89 

107 

2.47 

1.06 

3:13 

101 

3 09 

098 

11.61* 

* Winter 

2.81 

1 13 

IL46 

1 10 

2:93 

1 08 

323 

1 18 

8:36* 

Frequency with which asthma attacks include symptoms of 
\N-136) 

Airway obstruction 

3.59 

093 

359 

1.01 

3:40 

088 

406 

077 

4i.ir* 

Fatieue 

3.23 

1 21 

3.31 

1.27 

298 

1 23 

3.71 

0 ST 

3 13+ 

Irritability 

2.63 

1 03 

2.73 

1.17 

231 

087 

3,24 

0S6 

7 411- 

Panic and Fear 

2.31 

1.04 

208 

0.89 

2109 

0.86 

334 

1.20 

16 05* 

Hyperventilation 

1 94 

078 

1.97 

0.90 

1.88 

0.66 

2.05 

081 

0 411 


•p<0:01. 

tp<005 


had I had their conditions diagnosed more recently. 

The results of spirometric assessments are summa¬ 
rized in Table 3: The overall pulmonary function 
means are low. There is a clear-cut relationship be¬ 
tween the severity of asthma and level of impairment 
in both volumes and flbw rates, but the flow rates, 
particularly the FEV,, show a significantly greater 
decline as asthma becomes more severe. These results 
support results from previous studies' 5 that suggested 
that flow rates decrease with increasing number of 
years from diagnosis. There is no correlation between 
impairment in pulmonary function and passive smok¬ 
ing and onlV a slight correlation is seen between 
current smoking status and reduction in FEV,/FVG. 


Results for asthma symptoms are summarized in 
Tahte 4 There is no clear-cut pattern of asthma 
symptoms being increasingly bothersome during the 
spring or summer; instead, fall and winter seem to be 
associated with more bothersome asthma symptoms 
in the UAB population. Symptoms experienced dhring 
the past seven days and the past 24 hours were a 
greater problem in patients with increasingly severe 
asthma These results appear consistent with the dlita 
for asthma provided by the National Health Interview 
Survey. 2 The Asthma Symptoms Checklist results 
indicate that hyperventilation was seldom seen in the 
UAB population, but airflow- obstruction, fatigue, 
irritability and panicky reactions to asthma attacks 


Table 5—Respiratory lUnetee* and Symptom* in Bitient* Entered into the Self-Management Study 



% of All 

r n( . r .j 


% of Entered Patients 
Whose Asthma is 




tn terra 

Patients 

Mild 

Moderate 

Severe 

X 2 

Respiratory illnesses experienced in past 12 mo (N «260) 

Protoneed shortness of breath 

754 

67 4 

74.8 

93 5 

n 43* 

Gold; upper respiratory tract infection 

67.3 

66 3 

68.9 

65,2 

0.27 

Spell of coughing 

58 5 

3417 

56.3 

71.7 

4 11 

Bronchitis 

400 

36 8 

43.0 

37.0 

1.25 

Pneumonia 

9.6 

63 

13.4 

6.5 

3.71 

Respiratory sy mptoms experienced in past 7 days (N - 262) 

Shortness of breath 

67 9 

579 

71.4 

80.4 

8.38* 

Coughing 

67.2 

5417 

75 6 

71.7 

10.98* 

Wheezing 

65 6 

505 

71.4 

82.6 

17 29* 

Decreased exercise tolerance 

51.9 

389 

56.3 

67.4 

11.73- 

Increased sputum 

41.6 

326 

46.2 

500 

5.50 

Thick sputum 

30.2 

23:2 

3111 

43.5 

6.10t 

Green or yellow sputum 

179 

168 

17:6 

21.7 

053 


•p<0 0i. 
tp<0 05 
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Table 6 —Medication Regimens and Adherence m ft tients Entered into the Self-Management Study 


—„ 

* of All 
Entered 
Patients 


% of Entered Patients 
Whose Asthma Is 




Mild 

Moderate 

Severe 

X* 

Medications recommended (N *261) 

Inhaled bronchodilator 

897 

85.4 

90.8 

957 

3.80 

Continuous theophylline 

874 

75.0 

94.1 

95 7 

2106* 

More than 1 course of steroids in past yr 

41.2 

200 

454 

73.9 

38 82* 

Another inhaled medication 

36.8 

26.0 

42.9 

43.5 

7.53 

More than 1 course of antibiotics in past yr 

27.6 

29.2 

23.5 

34.6 

229 

Total No of medications in recommended regimen (N * 261!) 

0 . „ 

11 

31 

00 

00 

41.13* 

n 

9.2 

156 

6.7 

2.2 


2 

31.8 

44.8 

26.1 

196 


3 

303 

19 8 

39.5 

28:3 


4! 

192 

12.5 

19.3 

32.6 


5 

9.4 

4.2 

84 

17.4 


Adherent to recommended regimen on ail 

6 medication items 

49.1 

51.3 

45.9 

533 

0 911 

6 inhaler items 

239 

27.7 

20.2 

26.1 

1.61 

10 inhaler use items 

131 

8.0 

138 

22.5 

509 


•p<001i 

+p<0.05 


were common. Airflow obstruction was the most 
common symptom complex. There is a clear-cut in¬ 
creasing relationship with increasing severity for the 
symptom checklist scales, with the relationship more 
prominent for irritability and panic-fear. 

The results in Table 5 indicate that patients experi¬ 
enced a variety of respiratory illnesses in the year 
prior to interview. Seventy-five percent of patients 
experienced episodes of shortness of breath, and! only 
shortness of breath was related to increasing severity 
of asthma. Many patients experienced significant 
symptoms during the seven days prior to interview (a 
period short enough to be remembered accurate!^). 
Coughing, shortness of breath, and wheezing occurred 
with about'equal frequency. All assessed symptoms, 
with the exception of increased sputum and green or 
yellow sputum, w;ere more likely to occur in patients 
with more severe asthma. 

Table 6 indicates that there w*as significant variabil¬ 
ity in the number of medications used by individual 
patients but most patients were taking two or three 
medications Some patients were taking as many as 
five medications and a very small number, 1.5 percent 
with mild asthma, were receiving no medication at 
the time of data collection In this asthma population, 
inhaled adrenergic agents were the most commonly 
used medications Most patients took both theophyl¬ 
line and an inhaled adrenergic medication. A substan¬ 
tial proportion, about 35 percent, of patients received 
more than one course of steroids per year. About 32 
percent used another inhaled medication, most often 
inhaled steroids About 24 percent of patients received 
more than one course of antibiotics per year. Of the 


standardly recommended medications, only continu¬ 
ous theophylline, more than one course of steroids, 
and use of another inhaled medication were related to 
severity; Continuous theophylline was seldbm used in 
the treatment of the mild asthma. 

The overall level of adherence in the I’AB popular 
tion w'as quite low; with less than half the patients 

Table 7—Side Effect* of Medication in Rtfientt Entered 
into the Self-Management Study 


% of Entered Patients 


Side Effects 
Experienced in 
Put 3 mo (N * 256) 

* of All 
Entered 
Patients 

Whose Asthma h 

X : 

Mild 

Moderate 

Severe 

Tachycardia 

469 

353 

52.9 

52.2 

6 91* 

Insomnia 

41.0 

27:8 

47.li 

500 

9 86+ 

Nausea 

24.6 

17.8 

29.4 

26 1 

379 

Bad dream 5 

10j2 

8j9 

10.1 

130 

0J58 

Oral thrush 

9.0 

2.2 

11.8 

152 

8.31* 

Seizures 

2 0 

1.1 

0.6 

6.5 

6 09* 

Other 

33.6 

24 4 

37:8 

39 1 

497 


Total Nu. of Swfc Effects 


Relationship of in Past 3 mos for Those 

Incidence of Side Effects -*- 

to Type of Medication Not Taking: Taking, 


(N * 256) 

Mean 

r SD 

Mean 

= SD 

t 

Inhaled bronchodilator 

1 44 

1 97 

1.69 

1 43 

0 85 

Continuous theophylline 

1.16 

1 53 

1.74 

1 41 

2 11* 

More than 1 course of 

1 41 

135 

2 04 

1 4S 

3 43+ 

steroids 

Another inhaled medication 

1 71 

1 45 

1 59 

1 42 

0 64 

More than 1 course of 

1.57 

1 38 

1.90 

155 

159 


antibiotics 


*p<0 05. 
tp<0 01 
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Table Health Care Utilization #n Fbtient* Entered into the Self-Management Study (& = 257) m 



% of All 
Entered 
Pahenti 

% of Entered Patients 

Whose Asthma Is 


Mild 

Moderate 

Severe 

In the past year Has 






Called a physician about a respiratory problem 

43.2 

37.6 

41.5 

587 

5 81 

Visited a physician for a respiratory problem 

490 

43.0 

44 9 

71.7 

l'l.64t 

Visited an emergency room for a respiratory problem 

41.2 

26.9 

47.5 

54.3 

13 067 

Been hospitalized for a respiratory problem 

27.6 

161 

28.8 

47.8 

15 627 

Visited emergency room or hospitalized 

486 

32 3 

55.1 

63.2 

17 027 

Total No. of types of care used 






0 

26.5 

355 

22.9 

17,4 

30:837 

X 

218 

215 

27 1 

*7 


2 

268 

30.1 

24.6 

26.1 


3 

14.0 

9.7 

15.3 

19:6 


4 

10 9 

3,2 

10.2 

283 



•Note: entries are percents of columns. 
♦pCOOl 


adhering to the recommended medication regimen, 
less than 25 percent to the inhaler regimen, and only 
about one patient in six using inhalers correctly. These 
adherence levels were highly similar to those of other 
chronic adult diseases for which programs to improve 
self-management practices improved functional status 
and reduced overutilization of health care services.* 1 

The information in Table 7 indicates that medication 
side effects were common, with 55 percent of patients 
experiencing tachycardia and 46 percent experiencing 
insomnia. Thirty-six percent of patients experienced 
some side effect other than those specifically listed on 
the questionnaire, and 28 percent experienced nausea. 
Tachycardia, insomnia, and bad dreams were more 
likely to occur in patients with severe asthma. On the 
other hand, “other" side effects were most likely to 
occur in patients with moderate asthma. 

The impact of taking vs not taking each of the 
individual medications on side effects is also examined 
in Table 8. Although die side effect score was higher 
when individuals took any medicine, regardless of 
which medicine it was, only continuous theophylline 
and more than one course of steroids in the past year 
showed a statistically significant difference. 

Table 8 summarizes the results for health care 
utilization. The absolute level of health care utilization 
was fairly high, with nearly half of the study patients 
having visited an emergency room, having been hos¬ 
pitalized, or having done both for a respiratory prob¬ 
lem in the past year. All forms of health care, other 
than calling a physician about a respiratory problem, 
were used more by patients with more severe asthma. 

Discussion 

Asthma is a very common disease, treated by a 
variety of physicians, including general internists, 
pediatricians, family practitioners, and other primary 
care providers. Many questions remain unanswered 


about the current status of diagnostic accuracy and 
about the best treatment for asthma patients. This 
analysis of characteristics and correlates of asthma in 
a university clinic population is an important step in 
defining what is known and in indicating areas in 
which further asthma research is neededi 
Previous epidemiologic data indicate that among 
children, boys are more likely to have asthma.** 1 * 
Although the National Institute of Allergy and Infec¬ 
tious Diseases (NIAID) task force concluded in 1979 
that being male is a risk factor for asthma, 1 other 
reports suggest that asthma prevalence either does 
not differ between adult men and women 1415 or that 
adult women predominate in clinic populations. w The 
predominance of female subjects in the UAB popula¬ 
tion confirms these latter results. There has been no 
satisfactory explanation of this apparent discrepancy 
between epidemiologic and clinical results. Several 
explanations are possible: (a) femaleness may really be 
a risk factor for asthma in adults, (b) female subjects 
may seek medical care more frequently than male 
subjects, or (c) diagnostic discrepancies are possible 
between the sexes, especially in older adults because 
it is difficult to distinguish airflow obstruction caused 
by asthma from that caused by chronic bronchitis and/ 
or emphysema,** International Classification of Dis¬ 
ease Code® lists many diagnostic possibilities for 
airflow obstruction, including nonspecific terms such 
as COPD, chronic bronchitis, bronchiolitis, etc. 
Therefore, the diagnosis of airflow obstruction is 
difficult and complex and could be influenced by 
diagnostic bias. Specifically some investigators have 
suggested physicians tend to diagnose male subjects 
who smoke and wheeze as having COPD and female 
subjects with the same symptoms as having asthma. 1 * 
A broad age range of asthmatics has been noted,** 
extending from early childhood through late adulthood 
with peak ages of prevalence between 5 and 14 years 
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andl50 to 70 years. 18 Previous spirometric studies have 
suggested an association between asthma and chronic 
airflow abstraction, with the loss of pulmonary func¬ 
tion being greater in persons with more severe 
asthma. 44 Also, the “Dutch Hypothesis,” which holds 
that among persons predisposed to asthma those who 
smoke are at the greatest risk of chronic obstruction 
Has won increasing acceptance in recent years. 

The data in Table 3 provide confirmation that a 
progressive decline in pulmonary function is associ¬ 
ated with asthma of long duration. This decline has 
major implications for the natural history of asthma 
and!provides circumstantial evidence for the clinical 
impression that asthma itself may be a risk factor for 
irreversible airway obstruction. The data in this table 
do not support the “Dutch Hypothesis” however, in 
that no relationship was found betw een smoking status 
and' pulmonary function; This lack of relationship 
strengthens the evidence that the mere presence of 
asthma is the relevant risk factor for chronic obstruc¬ 
tion. 

Moreover, the data in Table 3 may underestimate 
the relationship between asthma duration and decline 
in pulmonary function. The data in Table 2 indicate 
that only 16.9 percent of the sample had received a 
diagnosis of asthma 30 or more years ago. This 
proportion is surprisingly small, and one possible 
explanation involves our decision to exclude all par 
tients with chronic or disabling diseases. Over a period 
of 30 years or longer, the primary diagnosis for patients 
whose pulmonary function has declined progressively 
may have changed from asthma to COPD. Such 
patients would not have even been considered for the 
present study and thus w'ould have reduced the 
number of long-duration asthma patients with severe 
obstruction Alternative explanations can be proposed 
for the small Iproportion of long-duration patients, such 
as the possibility that many patients who received an 
asthma diagnosis many years ago are dead or the 
possibility that remission rate increases with asthma 
duration. The present data do not permit a decision 
among these possible explanations, and the implica¬ 
tions of a relationship between asthma and irreversible 
airway obstruction are important enough to justify 
research directly addressing the issue. 

We believe the Bother Scales will! be valuable for 
future studies in education and behavioral research 
and in pharmacologic and immunologic research. 
Increased asthma symptomatology in the UAB popu¬ 
lation seems to be associated with fall and! winter. 
Ragweed exposure is greatest during the fall in Birr 
mingham. Ala, and the fall and winter are associated 
with increasing viral infections and increased exposure 
to fungal spores Careful observation of immunologic 
phenomena d uring the flail I may be required to under¬ 
stand this problem It is somewhat surprising that we 


did not observe greater variation among the seasons 
Birmingham has a warm, moist climate, and greater 
seasonal variation might be observed in areas with 
longer, colder winters. Symptoms during the past 
seven days as well as the past 24" hours w ere more 
bothersome in patients with increasingly severe 
asthma. 

The frequency with which respiratory symptoms 
occurred in the UAB asthma population confirms the 
difficulty of achieving a symptom-free state even under 
careful monitoring and treatment. The frequency of 
coughing as a symptom is important as it appears 
greater than would be expected from current litera¬ 
ture. 43 Because asthma is a common diagnosis and 
cough is a common presenting symptom; these results 
suggest that assessment of pulmonary function, in¬ 
cluding measurement of flow rate and bronchial reac¬ 
tivity, should be considered in ail patients who cough 
without any other obvious reason. 

Medications typically prescribed for adults with 
asthma are those intended to prevent or reverse airflow 
obstruction. These medications van from periodic 
use of inhaled adrenergics to multiple drug regimens, 
at times including systemic corticosteroids * The¬ 
ophylline and, to an even greater extent, steroidk are 
the medications most likely to cause side effects The 
relationship between the use of medications with side 
effects and severity of asthma raises important risk- 
benefit issues Carefully controlled studies of the 
specific benefits and disadvantages of medication 
regimens need to be conducted to better define w hich 
patients should receive which regimen. Large pro¬ 
spective studies will most likely be required to answer 
these important therapeutic questions. 
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CONFOUNDERS 


Studies on parental smoking and childhood respiratory 
disease rarely address confounding variables. Confounding 
variables are factors that can create a "false” association between 
two elements by being associated with one or both of them. For 
example, factor X (socioeconomic status) may be associated with' 
both factor Y (parental smoking) and factor Z (childhood! respiratory 
disease)'. When factor X is not controlled for in epidemiological 
studies of the possible association between factor Y and factor Z, 
a false association may appear between factors Y and Z. Therefore, 
it is vital that epidemiologists control for confounding variables 
when conducting studies such as those on parental smoking. The 
possible confounding variables associated with parental smoking 
and! childhood respiratory disease can be grouped into four major 
categories: (1) household heating and cooking sources; (2) outdoor 
air pollution? (3) organic substances? and (4) demographic, medical 
and socioeconomic factors. 
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Household, heating and cooking sources 


Children living in households with gas stoves have been 
reported to have a greater history of respiratory illness before 
the age of two and small but significantly lower levels of FEV^l and' 
FVC corrected for height 1 (FEV1 and FVC are standard! measurements 
of lung capacity and function). Similarly, exposure of children 
to gas cooking in the first two years of life has been associated 
with an increased' risk of hospitalization for respiratory illness 2 . 
There are reported associations of gas stove use with' daily peak 
flow in asthmatic, normal, and allergic subjects. 3 

Oxides of nitrogen (NOx) arising from the use of gas 
stoves for cooking were proposed to be related to a reported 
increase in cough, "colds going to the chest," and bronchitis in a 
study of 5,758 English and Scottish children aged six to eleven 
years 4 . A number of other confounders were controlled for in' this 
study, including "age, social class, latitude, population density, 
family size, overcrowding, outdoor levels of smoke and sulphur 
dioxide and types of fuel used for heating." One group of 
researchers reported similar results for a five-year longitudinal 
study of 4827 boys and girls, ages five to ten years. This reported 
association was independent of age, sex, social class, number of 
cigarette smokers in the home, and latitude, and was only found in 
urban areas. 5 
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Use of unvented kerosene heaters, which release nitrogen 
dioxide (NO^) into the indoor environment, was associated with 
significantly more days of acute respiratory illness in exposed: 
children 6 . In this study, there was no difference in the number 
of cigarettes smoked daily in the homes of exposed versus unexposed 
children. NO 2 exposure was also reported to be associated with a 
risk of reporting lower respiratory symptoms in children under the 
age of seven 7 . 

One study reported increased proportions of chest 
illnesses and hospitalizations for chest illness before age two in 
young children living in homes heated by wood-burning stoves. 
Medical histories, sociodemographic factors, or exposure to other 
pollutant sources did not account for the reported association 8 . 

In another report, hot water heating systems were reported 
to have a large effect on lung function in children, when compared 
to: the use of forced air heating and air conditioning systems 9 . 
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Outdbor air pollution 


Outdoor air pollutants have been identified as a 
confounder in several studies. In one study, acute respiratory 
disease incidence was reported to be positively associated with 
higher ambient sulfate levels 1 . 

A group of researchers examined the importance of indoor 
and outdoor environmental factors (parental smoking, gas cooking, 
suspended 1 particulates and sulfur dioxide) in the respiratory 
health^ of seven- to ten-year-old Canadian children. The researchers 
were unable to identify any effects of parental smoking or gas 
cooking because the prevalence of these variables was highest in 
an industrial area of high particulate pollution 2 . 

One researcher has reported a strong association between 
respiratory illness and particulate pollution in children living 
in a study site which experiences relatively high levels of 
particulate pollution 3 . 


A study comparing Israeli children living in a polluted 
industrial town versus those living in an unpolluted area reported 
that chronic respiratory symptoms and most pulmonary diseases were 
significantly more common among those children from the polluted 
town 4 . 
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Organic substances 


The relevance of home dampness in the etiology of 
respiratory symptoms in children is supported by current research 
which links dampness with the presence of molds, dust mites, fungi 
and other allergenic microbes. 

In one study, odds ratios of 1.23 and 2.16 were reported! 
for home dampness after adjustment for several factors, including 
maternal smoking, in a cohort study of 4,625 eight- to twelve-year- 
old children' living in six United States cities 1 . The authors 
reported odds ratios for molds of 1.27 to 2.12 after adjustment 
for maternal smoking and several other factors. 

Another study reported higher rates of respiratory 
symptoms and symptoms of infection and stress among children living 
in damp houses. The presence of "fungal mould" was also reported 
to be related! to higher rates of respiratory symptoms, independent 
of smoking in the household 2 . In another study, the growth of 
fungi and molds in the home was directly related to respiratory 
symptoms and sensitization to common allergens in children 3 . 

Researchers have reported that children living in damp 
and moldy dwellings had a greater prevalence of respiratory 
symptoms and headache and fever than those living in dry homes. 
The authors reported a dose-response relationship with' increasing 
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numbers of symptoms reported in dwellings with higher severity of 
dampness and mold. All these differences persisted after 
controlling for possible confounding factors such as household 
income, cigarette smoking, unemployment, and overcrowding 4 . 

Atopic sensitization of children to house dust mites 
was reported to be related to home dampness 5 . 
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Demographic, medical and socioeconomic factors 


Low socioeconomic status has been associated with an 
increased! incidence of respiratory complications 1 . Factors related 
to lower socioeconomic status include: inadequate medical care, 
poor nutrition, poor outdoor air quality, increased parental 
coughing, higher gas stove usage, frequent change of address, and 
lower per capita living space. In a study of 1,050 European 
children aged eight and nine years, lifetime and current prevalence 
of wheeze were both significantly higher in children' from low 
socioeconomic status 2 . 

Watkins, et al ., (1986) reported high consultation rates 
for respiratory illness in children whose fathers were in manual 
occupations. This association was not explained by crowded home 
conditions or parental smoking 3 . Gardher, et al., (1984) reported 
significantly higher rates of lower respiratory disease in infants 
of low socioeconomic status 4 . 


Cross-infection also plays a role in the incidence of 
children's respiratory disease. For instance, in a 1988 paper, 
Koo, et al., reported that among Japanese and Hong Kong Chinese 
women, there was a highly significant correlation between the 
frequency of maternal respiratory illness and the frequency of 
respiratory illness in her children 5 . 
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'"CT’Bss-infection may be relevant to the reports of 
associations between day care attendance and respiratory illness. 
Anderson , et al., (1988 ) reported that care outside the home (day 
care) is an important factor for acquiring lower respiratory tract 
illness and infectious diseases in children under two years of 
age 6 . Gardner, et al., (1984) also noted significantly higher rates 
of lower respiratory disease among day care infants 4 . Fleming, et 
al., (1987)i reported an increased risk for upper respiratory tract 
infection associated! with' day care attendance 7 . 

Familial characteristics and genetics may also act as 
confounders. For instance, in a 1982 publication, Lebowitz, et 
al., report that an observed relationship between children's 
pulmonary function and parental smoking disappeared when household 
aggregation of body mass was taken into account 8 . Another Lebowitz, 
et al., study (1984) also reported that there was "no remaining 
independent aggregation of pulmonary function measurements" after 
familial aggregation of body habitus was controlled for 9 . Genetic 
predisposition may play a role in respiratory illness and pulmonary 
function 10 ; although cross-infection is also involved 11 . 

"Lifestyle" may also act as a confounder. A study in' 
Copenhagen (Holma and Winding, 1977) examined 109 social, medical, 
housing, and hygiene factors on morbidity. The best predictors 
for health were "thriving" (satisfaction), followed by "housing 
standard" and "personal hygiene." The authors reported' no effect 
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of parental cigarette smoking on the respiratory health' of young 
children 121 . A survey of 314 nonsmoking Hong Kong Chinese women 
and their children and 243 Japanese women and their children 
reported that chronic cough and sputum symptoms were at least 10 
times more prevalent in Hong Kong 5 . This observation was attributed 
to occupational exposure to dust or fumes and household crowding 
among the Hong Kong mothers. 
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PARENTAL SMOKING: CONFOUNDING VARIABLES 


Access to medical care 
Age of mother 
Air pollution 
Birth weight 
Breast feeding 
Cooking practices/type 
Day care attendance 
Diet 

Family history of illness 
Family size 
Gender of child 
Genetic determinants 
Heating type 
Home dampness 

Hospital spread of illness 
Household pets 
Newborn illnesses 
Nurture 
Overcrowding 
Parental education 
Parental infections 
Place of residence 
Seasonal variation 
Skin test reactivity (allergy) 
Socioeconomic status 
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Colley, J.R.T. "Respiratory Symptoms in Children and Parental 
Smoking and Phlegm Production" British Medical Journal 2: 201- 
204, 1974. 

SUMMARY: A study of respiratory symptoms in 2,426 school children 
aged 6-14 years was carried out in Aylesbury, Buckinghamshire, in 
1971. The prevalence of cough in the children was associated! with 
the parents' smoking habits; prevalence was lowest where both 
parents were non-smokers, highest where both parents smoked, and 
lay between these two levels where only one parent smoked. A close 
association was found between parents' and childrens' respiratory 
symptoms that was independent of parents' smoking habits. There 
was no suggestion that exposure to the cigarette smoke generated 
when parents smoked had any more than a small effect upon the 
child's respiratory symptoms. While the sharing of genetic 
susceptibility between parents and children is a factor, therefore, 
cross infection, particularly in the families where parents smoke, 
is an important element in the association. 
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Dnpite th« increase in our knowledge and understanding of 
the p*thogcnicmcLhjm»m$ present in patients with diffuse 
toxic geitto—particularly since the discovery of LATS (Adams, 
1958) : and I its characterisation as ao immunoglobulin (Adams 
and Kennedy, 1962; McKenzie, 1962; Kriss er a/., 1964; 
Bonington er a/., 1966>—the cause of the abnormal i thyroid 
function in this disease has remained uncertain. The simplest 
explanation, and the only one which accounts for the pheno- 
into on of neonatal thyrotoxicosis, is that there is a circulating 
humoral stimulator acting upon the gland (McKenzie, 1972). 
Thyrotrophinhas been excluded from this role by the fact that 
It* level in blood is less than normal in diffuse toxic goitre 
(Adams tt oL, 1969). To many workers LATS bat been un¬ 
acceptable as a causative agent because it is undetectable in 
many eases and the level in any individual patient docs not 
correlate with the dtgroc of abnormal thyroid function fVolpe 
er a/., 1972). LATS protector, however, meeu two criteria 
act fulfilled by LATS; our evidence confirms the high inci¬ 
dence of LATS protector in diffuse tox : c goitre and shows that 
fea scrum level correlates wiell with early th>roid m I upukc. 
Furthermore, LATS protector has been shown to stimulate the 
human thyroid,bothin vitro (Shishiba er at., 1973) and in vivo 
(Adams er a/., 1974). VTc therefore think that in LATS-negative 
patients with diffuse toxic goitre LATS protector is the patho¬ 
genic agent. 

The question whether LATS protector is present in every 
cnc of diffuse toxic goitre remains open. It was not found in 
five of the 50 patients studied, but all these were relatively mild 
Oses with normal or only slightly raised thyroid U *I uptake 
and; large goitres. Failure to detect LATS protector in these 
inactive cases may have been due to assay insensitivity, but 
incorrect diagnosis of thyrotoxicosis or an alternative patho¬ 
genic mechanism for thyroid dysfunction are other possible 
explanations. 



* The pathogenesis of the ophthalmopathy of Graves's disease 
remains less well understood than the pathogenesis of thyro¬ 
toxicosis. Ve found no significant correlation between the class 
of ophthalmopathy and the LATS protector level: The highest 
incidence of infiltrative ophthalmopathy, however, was observed * 
in the group of patients with both LATS am) LATS protector, 
and the lowest incidence was tn those patients in whom neither 
immunoglobulin qould be detected. Our findings support the 
view that LATS protector and ophthalmopathy may be asso¬ 
ciated in Graves Y disease but the relation is not a causal one. 

Vc thank Mr. W. S. Cagur for skilled technical i help 
Requests lor reprims should be addressed to Dr. JL D. R 
Stewart. 
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Respiratory Symptoms in Children and Parental Smoking 
and Phlegm Production 

J.JLT. COLLEY 


Jtttu* MfOuml Jirnmmi, 1974,2, 201-204 


Introduction 


A study of respiratory symptoms la 2,426 schoolchildren aged 
6-14 years was carried out is Aylesbury, Buckinghamshire, ia 
1971. The prevalence of cough ia the children was associated 
With the parents* smoking habits; prevalence was iowestj 
where both parents were non-smokers, highest where both 
parents smoked, and lay between these two levels where only 
war parent smoked A close association was found between 
parents* and I children's respiratory symptoms that was Inde¬ 
pendent of pareots* smoking habits* There was no 
suggestion that exposure to the cigazrtte smoke generated 
when parents smoked had any more than a small effect upon 
the child's respiratory symptoms. While the shaiing of genetic 
susceptibility between parents and children it a factor, there¬ 
fore, cross infection. particularly in the families where parents 
smoked a n important clement in the association. 


Department of Medical Stcilitlri and rpldemlalarv. L«nd«t School 
of If)fictkv and Tropical MtJlcim, Laadoa WClH 711T 
). IL T. COLLEY, acn., M2 X.il, ksior Lecturer ia Epuiemiolacy 


Normin-TtySof and Dickinson (1972) suggested that children 
with parents who smoke may be at particular risk from res¬ 
piratory disease. These authors were not* however, explicit 
about the nature of the risk. They implied that exposure of 
children to cigarette smoke at borne might increase the risk 
of respiratory illness. This paper reports the findings of a 
study in which the nature of the association between parental 
smoking and respiratory disease in their children was investi¬ 
gated. 


Method! 

The material was collected during a study of the prevalence of 
respiratory disease in schoolchildren and their parents in 
Aylesbury, Buckinghamshire, in 1971. The population con¬ 
sisted of all children aged 6-14 yean attending seven schools 
in Aylesbury*—a total of 2,598 children (1,328 boys and 1,270 
girls). Data were collected on 2,426 children and their parent^ 
a response rate of 93 4%. 

A self-administered questionnaire was completed by the 
parents, who answered questions about their own and their 
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* chil dim's healthi The relevant questions were: (c) for each 
child, Doo he/ahe usually cough during the day or at night in 
the wmirr?; (6) for each parent, (I) Do you usually bring 
up any phlegm from your chest first thing in the morning in 
winter?; (2 a) Du you smoke? If "No~; (2 b) Have you ever 
looked as muchu^one cigarette a day for as long as a year? 
Parens who answered •'Yes'* «o question C2 a) were classified 
as smokers. They were also asked how rrunv cigarettes they 
looked a day, how many ounces of tobacco they smoked each 
week, and how toy cigars, large and small; they smoked 
each week. Those parents that answered “No" to question 
(2 a) and answered question (2 b) in the negative were classi¬ 
fied as non-smokers, while those that responded in the affirma¬ 
tive to question (2 6) were classified as ea-smokers. The valid¬ 
ity of the question on couch in the children when used in a 
•elf-administered questionnaire has already been established 
(Colley and Reid, 1970), as has that of the question oc phlegm 
production (Krueger tt of., 1970). 

The father was asked about his occupation and from this 
bis social class was obtained. (Classification of Qccupmim i, 
1970). The number of siblings which the index child had was 
also recorded 


Results 

The rdatioQ in the parents between smoking habits and pee* 
valence of phlegm was what one-would have expected; pre¬ 
valence me with amount smoked Parents were classified by 
smoking habit into five groups; group 1, bcrJi parents non- 
smokers; group 2, one parent a smoker, the other a non- 
smoker; group 3, both parents smokers; group 4* both parents 
cx-smokers or one an ex-smoker and the other a non-smoker 
or smoker; and group 5, one or both parents gave no data oq 
smoking habits. Within these five groups the prevalence in the 
Children of cough during the day or at nigh; in the winter was 
determined (table I). The cough prevalence rates were lowest 
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In children with one or both parents ex-smokers. The gradient 
In prevalence over groups 1; 2, and 3 was statistically sig¬ 
nificant for trend 6165; 001 > P > 0 005). The findings 
indicated an association between parental smoking habits and 
the prevalence of symptoms m their children! 

The analysis was taken a stage fur.her by classifying parents 
by bmh smoking habits and by their response to the question. 
Do you usually bring up any phlegm from your chest first 
thing in the morning in winter? (table ID. Within each group 
the prevalence of cough in children was lowest among 
children of parents who did not report symptoms. It was 
highest in those children where both parents reported symp¬ 
toms. Where only one parent reported the symptom the preva¬ 
lence rate la* between these two extremes. Overall; there was 
a threefold difference in prevalence of cough b etween children 
with neither parent having the symptoms and both having 
the symptom. 

Some of the prevalrtsct rates in table II were based on 
small numbers, but the numbers in the category where 
neither parent had symptoms allowed a firmer conclusion. It 
was thus interesting to note that m this category the preva¬ 
lence of cough rose from 12*4% in children of non-smoking 
parents to 14 3% where one parent cooked and to 147% 
where both smokedi This trend while small and not statis¬ 
tically significant nevertheless raised the possibility that ex¬ 
posure to cigarette smoke at home when parents smoked 
might have had some effect on the child's respiratory tract. A 
more precise estimate of the effects of "passive smoking" by 
the child was obtained by estimating the maximum daily ex¬ 
posure of the child to their parents* cigarette smoke. This was 
derived by the addition of both parents* daily cigarette con¬ 
sumption. Among the children of parents who did not have 
morning phlegm there was a small gradient for cough preva¬ 
lence according to the number of cigarettes (or tobacco equiva¬ 
lent) smoked by the parents (table III)j This gradient in 
prevalence is not. however, statistically significant (x* trend 
136; 0 30 > P> 0*20). 


tttU 1-hMlnKi of Cong * d*airng Oo w at Night in VTimtrr im OiUrtm ogtd t-14 acemi*H to fatoms/ Sm o Ma g Nah'u 



PirtM* %nmkif+ Gtamf* 


Tsttll 


...» 1 

3 

1 » 

4 | 

9 


t—wy'(N*4 \wt OuiOtm vmS «ni|K 

tftsaao) | 

17 7 (S47) 

| sa(«M> 

14-2 <420} 1 

307(217) 

UOOJJS} 


•fa* ini tat cvmpmitiOTi *f wrmip*. 

tTMi)aJ«4ali chiUMi i*r »hM Sm vm mm 4am 


vuu tH-hmlncr 4 Camgk 6n>v Day a* as Night im Wimtov im CNUrom agad %*U attmdimg H Smoking Hahiu ami t+ooomco of Wimtt 

Monang fhltgm ____ 



| Om» 1 


1 

Owl 


Grmt 3 

Om* 4 


Twil* 


ViMir »kk— 

to pmtnit 

I i 

I Neither | ©•* 

VMh 

j KaiKcr] 

« 

I Om 1 

MaOi 

SWtWf 

1 Om: 

j 

N*hh*r 

Om 

Mask 

Neither 

Om 

Omk 

fttmuft (Si) •( 
iMJiawS w»|l. 

I 13 4 li 33 * 

J (374) j (40) 

400 

cs» 

1 14 1 
| (420) 

24 7 . 

m j 

Sit 

un 

14 7 

om 

1 J* » 

J «»> 

41 S 
<♦*> 

SIS 

om 

I 1*4 
<*•) 

3M 

(IB) 

OAU) | 

m 

<m> 

442 

«KS4> 


nwIteUnSUduUmlM mham than wm mm 4iu mo CMp m panmm' wmetimg hah* mm m a n i rn g 


TABU ni-hiM/mrf of Cm#* im** Day or at Night w Wimttr m CSmUtom agti t-U oetoring ta /or rat t Smoking Nokia, Namnkor of Cigorma mmokod, ami 
huntf of VTtmor Marmmg /hiogm 


V 

— 

CnwtMt) 

Otm*4 

Twit 

TiMl K* at Of Mmri* 

14 i I4M* 1 30-1* | >90 

Vmiv VW1WII ffclfm MfvrAti « N | 07 | 

| N i OS 1 K 

I OS : N f Of 1 N * OS | N I o* 1 

1 K 

o m 

fvrwuiT(K«.)*fcMdrM«u)i i t!4 SIS 

M*jT .I (314) <4*1 

111 | 111! II* 
OJSJ €2*1 U4T) 

IIS Mt SIS It* 112 

4*5) ocar 04) (BOB) (154) 

12 4 Its 

4***) <11111 

n 54 

u.sm 

J* *7 

<w 


SI*KniHn, OS^On « totX. 

•Indwlfil Wwra iaJ c»*«r* npmwd — b|«mw (fuinlrMi fifv TftU, 1*721 

f7*uJ mlttOn M ttukitwn km mhom ikm wm mo 4a*a m c^ih «Metinc Ufai m mmnmg pkk 


Sourc srhttps:/ \ v ndustrydocuments.ucsf.edu/docs/tgnxOOOO 


2023379605 



toms * MEDICAL JOUfcXAL 27 ATUL 1974 

Sever a l point* have vo be considered in interpreting these 
findings. As in other studies (Holland el «/., 196V; Colley md 
JUid, 1970), social cbu gradient* for respiratory symptom* in 
children were found in this serin. Children with fathers m 
semi-skilled and unskilled occupations had hither prevalence 
Cites for mpiQjgry symptoms than those whose fathers were 
In skilled or non-manual occupations. A concentration of low 
social clast families in the croups where both parents re* 
poned winter morning phlerm could have produced a similar 
pmun to that shown in tabfc 11. That this could not have 
accounted for the observed patterns of cough prevsfarce m 
the children may he seen in table IV; where cough prevalence 
is given for children in social class 111 according 10 the 
parents* history of phlegm production alter standardiration 
lor smoking. Cough prevalence in the children increased, as 
before* with the presence of parental phlegm production. 


' * * 203 

c ur red to any materia] extent h would have meant that, as 
given in table II the prevalence of cough in children from 

group 2 was too high in relation to cough in children from 

group 1 and that the prevalence of cough in children from 

group 3 was still! higher. If the prevalence of cough in chil¬ 

dren from group 2 were to be reduced in order to correct 
for this and that of children from group 3 were to be corrected 
even more then the gradient shown in table II would prob¬ 
ably become negative in that cough prevalence in children 
would have seemed to decline as snore parents smoked. Ik 
therefore seems reasonable to conclude that the two possible 
qualifications to the data did not operate. 
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Children i from large families hive higher prevalence rates 
for respiratory symptoms than those from small families 
(Colley, 1970), and a concentration ©( large families in the 
groups of parents with symptoms might also have resulted in 
the prevalence of morning cough being similar to that shown 
in table II. It can be seen from table V, however, that 
within families of similar size the same gradients for cough 
prevalence according to parents* phlegm prod union were 
present, indicating that differences in the number of siblings 
could noc have explained the gradient in cough prevalence. 
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Younger school children tend to have higher prevalence 
fates for winter cough than older children (Colley and Reid, 
1970). If the age distributions of children in the various 
groups in table II had not been the same prevalence rates 
berwetn these groups might also have diflercd, but there were 
no differences in age structure between these groups of chil¬ 
dren. 

Conclusions drawn from the evidence in this study need 
to be viewed with caution because it was noc possible to col¬ 
lect evidence which would have excluded some other inter¬ 
pretation of ahe results. In was possible, for example, that the 
parent % f account of their own symptoms might have in¬ 
fluenced the answers they gave for their children and that the 
apparent association between parents and children in their 
respiratory experience could have been due to parents with 
aymptoms over-reporting symptoms in their children. The 
children of parents who smoked! may also have been more 
-likely, to have smoked than children of non-smoking parents, 
*nd this could have resulted in an increased prevalence of 
acough an such children. If either of these possibilities had co~ 


Discussion 

Norman-Tsylor and Dickinson (1972) in their study of chi!* 
draft respiratory infections and parental smoking habits re¬ 
ported higher prevalence rues for various indices of 
respiratory disease among children with parents who smoke. 
The present study, using a single index of respiratory diseased 
confirms their findings. It can now be seen, however, that a 
direct association exists b e tween respiratory symptoms in 
parents and in their children. Parana! smoking has a mainly 
indirect effect on the child by increasing the prevalence of the 
parents* respiratory s ympt om s and thus the prevalence of res¬ 
piratory symptoms in their childroL^he direct effect on the 
children's respiratory symptoms of exposure to the smoke 
generated when their parents smoked cigarettes seemed to be 
relatively small. 

The reason for the association between respiratory symp¬ 
toms in parent and child » noc dear. The sharing of genetic 
susceptibility between parents and children could have led to 
these similarities in respiratory disease, but this is unlikely to 
be the whole explanation, particularly in families where both 
parents smoke. There is, for example, no convincing evidence 
that adults who take up smoking have a greater genetic sus¬ 
ceptibility to respiratory disease than non-smokers, and there¬ 
fore there is no reason to suppose that susceptibility to res¬ 
piratory disease would be different in the children of smokers 
and non-smokers. On (he ocher hand, smoking parents differed 
from the nonsmokers in that they had higher prevalence rates 
for respirator* symptoms and the rates rose with the amount 
smoked* indicating some direct effect of smoking in causing 
their symptoms. In these drcumaances the association be¬ 
tween parents* and children*! symptoms are more likely to be 
due to cross infection than to the sharing of genetic suscepti¬ 
bility. 

tf cross infection is indeed an Imp or t am cause of respiratory 
dymptoms in children of parents who smoke then there could 
/well be some advantages for their children if the parents gave 
gup the habit;' In adults giving up smoking can result in a 
reduction in couch and expectoration and, therefore, in the 
chance of transmitting respiratory infect ions. Smoking parents, 
many ©f whom will not yet have developed severe or 
irreversible respiratory damage, can reasonably expect an Im¬ 
prove men t in symptoms if they give up the habit* and this 
would offer a promising way of reducing the risk of their 
children developing respiratory symptoms. 

The findings in this paper need confirmation. This could be 
done bv prevalence studies on a larger scale in other popula¬ 
tions where, for example such aspects as the possible over- 
report in g of svmptorm could be adequately investigated. 
There is a need to investigate the likely benefit »© the child 
from parents giving up smoking. Though passive inhalation 
of cicarette smoke bv (he child has not been shown to have 
an important effect in this scries, this aspect should nevenhe* 
less be studied in infants and preschool children, who (end so 
be (he most susceptible to respiratory infections. 
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Chorco-athetosis and Encephalopathy Induced by Phenytoin 


D. L. McLELLAN, M. SWASH 


B*itUkM*dU4J*0 ssaf, 1974, 2* 204-205 


Summary 

Two patients with intractable epilepsy who bad been 
treated with various combinations of anticonvulsant 
drugs developed phenytoin encephalopathy. la both 
patients choreo-athetoid involuntary movements were 
prominent. Blood phenytoin concentrations were above 
30 pf/mil When phenytoin was given in smaller doses and 
Its level in the blood fell the involuntary movements and 
ether clinical manifestations disappeared. 


Introduction 

Nystagmus* ataxia,, dizziness, and drowsiness are well-known 
features of phenytoin toxicity which usually occur when the 
blood level is greater than 20 ug'ml (Buchtha! a a/., 1960). 
There have been few reports of ether toxic effects on the central 
nervous system though Gbser 0973) pointed out that a re¬ 
versible encephalopathy may occur in some patients treated 
with large doses of the drug. Wc describe two patients in whom 
Choreo-athetoid involuntary movements were • prominent and 
presenting feature and in whom the mvoliintary movements 
and the encephalopathy were closely correlated with very high 
blood phenytoin concentrations. 


Case Reports 

CASS 1 

A 31-year-old man who had at;coded hospital for many years for 
management of epilepsy was admined for investigation of in¬ 
voluntary movements and intractable seizures. He had had a 
febrile convulsion when 2 yean old and had had rvcuircat petit 
mal and major generalized seizure! since be was 7. An ckctxo- 
cncephalogram when hr was iced 13 showed typical, generalized, 
Ihrrc-pcr-tccond spike-and* wave complexes and I diffuse bursts of 
theta and delta activity. tthen assessed for industry] training 
when aged 21 he had an I Q. of 14 on the Ukchdcr Intelligence 
Beak. He was treated with various combinationt of anticonvulsants. 
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including troxidone, cihosuximide, primidone, and phenytoin, but 
he continued to have two or three major seizures a month. When 
he was aged 29 Hodgkin's disease was diagnosed by biopsy of 
an enlarged cervical lymph node. No involvement of liver, spleen, 
or para-aortic nodes was seen on laparotomy and he was treated 
with radiotherapy to the neck. There had been no recurrence. 
Treatment with phenytoin 300 mg, pbenobarbitooe 130 mg, and 
cthusuximide 72d me daily was continued. Two years bier the 
seizures became more frequent (two to four a week) and primidone 
750 mg, carbzmazepine $00' tap, and phenytoin 430 mg daily 
were gradually substituted for the previous treatment. During the 
next six weeks hr complained of bluned vision and ataxia; leading 
to freouent falls. He continued to *akc the drugs. The seizures 
continued unchanged. 

On admission to hospital he was slightly drowsy but orientated. 
Several minor seizures were observed. He had trade I nystagmus 
in all directions and upward conjugate gaze was impaired. There 
wa, generalized chorea which was present at rest and was en¬ 
hanced by movement, particularly by walking. Slurred and hesitant 
speech seemed to be due to interposed choreic movemmts of the 
bps and tongue. In the outstretched upper limbs choreiform 
in voluntary movements were accompanied by irregular postural 
bpses of the fingers, which were thought to be Typical of : asterisks 
rather than chorea. The gait was unsteady,, but there were no 
cerebellar signs in the limbs. There was no weakness or oratory 
hrpairmem, the tendon rrflexes were brtdt, and both plantar rc- 
aponses were flexor. Hyperplasia of the gums was noted. The 
increased frequency of seizures and the encephalopathy with in¬ 
voluntary movements were first ascribed to a degenerative or 
infective disorder associated with the Hodgkin’s disease. The 
haemoglobin, white cell count. E.SJL, liver function tests. Mood 
urea and ekcirolvtes, skull and ehrsr jr-rav examinations, and 
brain acan were normal. The background activity in the E.E.C. 
was fragmented and slowed and there was an excess of diffuse, 
irrrgular delta aanrttv of moderate volnce. Generalized atypical 
spike-and-wavc activity was prominent. The blood phenytoin 
concentration was 37 pg/mL 

The possibility of phrovioin encephalopathy was considered. 
The daily do*c of phenytoin was reduced to 200 me dapy and! 
that of pfim.dorx increased to I g. Carhamazepme gOO me daily 
was continued. Durine the next six days the patient b e came more 
akrt, the chorea, ataxia, and oyttspnu* disapixarcd, and the 
blond phcnyioin kvcl fell to 16 og/rnl. The seizures at Erst 
increased in frequency but then abated. Three wvekt later he 
returned to work. Neurolofical Endings at that time were normal. 


cans 

This 13-yrarold bov was ftferred for management of uncontrolled 
epilepsy. Hr had had frequent mmor and! major seizures since the 
age of 2 when hr had presented in status epileptkuv He bad 
been treated with varying combinations of phenytoin,, phe n o- 
barbitooc, ethosuxmwde, and sulthiame and bad been almost free 
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Coll eyyiT .R.T.Holland, W.W. , COrkhill, R.T. "Influence of Passive 
Smoking and Parental Phlegm on Pneumonia and Bronchitis in Early 
Childhood" The Lancet (November 2): 1031-1034, 1974. 

SUMMARY: The incidence of pneumonia and bronchitis has been studied 
in 2205 infants over the first five years of life. In the same 
period 1 their parents' smoking habits and respiratory symptoms were 
recorded annually. The incidence of pneumonia and bronchitis, in 
the first year of life was associated with parents' smoking habits; 
incidence was lowest where both parents were non-smokers, highest 
where both smoked, and lay between these two levels where only one 
parent smoked. Over the age of one year the association was not 
consistent. When parents' respiratory symptoms were also studied 
a close association was found with the incidence of pneumonia and 
bronchitis in the child; this was independent of parents' smoking 
habits and was an almost consistent finding throughout the first 
five years of life. In the first year of life exposure to cigarette 
smoke generated when parents smoked doubled the risk: for the infant 
of an. attack of pneumonia or bronchitis. 


Source: https://www.industrydocuments.ucsf.edu/docs/tgnxOOOO 
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INFLUENCE OF PASSIVE SMOKING AND 
PARENTAL PHLEGM ON PNEUMONIA AND 
BRONCHITIS IN EARLY CHILDHOOD 

J. R* T. Couxy 

Department of Medical Statistics and Epidemiology, 

London School of Hygiene end Tropicd Medicine, 
London WCIE 7HT 

V. W. Holland R. T. Corkkol 

Department of Community Medicine, St. Them os* s 
Hospital Medical School, London SEI 7EH 

The incidence of pneumonia and 

Summary been studied in 2205 

infants over the first five years of life. In the same 
period their parents’ smoking habits and I respiratory 
symptoms were recorded annually. Jhe ksmimee] 
of pneumonia 1 and! bronc hit is in da first year ofeEfc 
tu associated with parents* smoking fesMt»;jinda3jce 
arts lowest where both parenu were no&smokers, 
bigbest where both smoked, and lay between these 
two levels where only one parent smoked. Over the 
age of one year the association was not consistent. 
When parenu* respiratory symptoms were also studied 
a dose association was found with the incidence of 
pneumonia and bronchitis in the child; this was 
independent of parenu* smoking habits and was an 
almost consistent finding throughout the first five 
yean of life. In the first year of life exposure to 
cigarette smoke generated when parenu smoked 
doubled the risk foc-ihe infant of an attack of pne& 
moab or bronchitis! 

Introduction 

• Infants who inhale the tobacco smoke generated 
when their parents smoke at home may have a 
greater risk of chcs: illness than the infants of non¬ 
smoking parents. W'e have studied the influence of 
parental smoking and respiratory symptoms for effects 
on the incidence of pneumonia and bronchitis in their 
children during the first five years of life. 

Methods 

The data that form the basis of this paper are part 
cf those collected during a longitudinal study of newborn 
infants and their families. The study was conducted in 
Harrow, a borough in north*west London, between 1963 
and 1969'and involved all l families living in six of the 
wards of the borough who had an infant bom in the period 


July 1, 1963, to June SO, 1965. A tout of 2365 families 
bad newborn infants during this period, and, of these, 
2205 (93%) were included in the study* The 6*1% 
excluded (Le., 160 families) had either moved away from 
the area before they could be visited or refused to 
^cooperate in the study (table 1 ). The analysis that follows 
has been based upon the infants bom to these families. 
Alter exclusions—for example, multipit births—2149 
infants were eligible for study. Over the five yean of 
follow-up losses inevitably occurred from the original 
population; these were small and are unlikely to have 
seriously biased the findings in the later yean of follow-up. 

Health visitors, who received special training,'admin^ 
istered a questionary to the parents, when, as pan of their 

a 

tmt 1 —suxvnr population om the rm teaks or raxow-ur 

No. of families 
wish new bom 
tafinti born July 
l, 1963, to June 
30,1965 


Total 

Cooperated 
in survey 

Initial 

visit 

First 

Second 

Third 

Fourth 

Fifth 

2365 

2205 

2149 

2122 

2109 

2096 

2097 

209S 


routine duties, they visited the infant and mother at home 
within fourteen days of the delivery. At this visit a 
number of items were recorded, including binb-weight in 
pounds to the nearest pound below. 

The health visitor also administered a questionary which 
included questions on respiratory symptoms and smoking 
habits. In this paper positive responses to the question 
“ Do you usually bring up any phlegm from your chest 
first thing in the morning in the winter?” has been used 
as evidence for parental respiratory disability. To elicit 
smoking habits the questions were: 44 Do you smoke? ** 
If answered " yes ”, the parent was classified as a present 
smoker. If answered 44 no ** the parent was asked 44 Have 
you ever smoked? ** If the answer was 44 yes **, then the 
parent was classified as an ex-smoker. If answered M no ** 
the parent was asked 44 Have you ever smoked as much 
as one cigarette a.day for as long as a year?” An answer 
44 no” classified parents as non-smokers. The present 
smokers were also asked 44 How many cigarettes are you 
smoking now? ” The validity of the answers to these 
questions has already been established] 1 

The families were followed up annually lor the next 
five years by postal I questionarits. Each year parents were 
asked the following questions. For the infant, M llas 
he/she had in the past twelve months bronchitis? 
Tncumonia? ” For the parents, 44 Did you usually bring 
up any phlegm from your chest first thing in the morning 
last winter? ” Smoking habits were assessed using the 
question 44 Do you awoke?” If”ycs”, ”How many are 
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you smoking now? H The validity of wnrtn to the 
question on infant bronchitis and pneumonia was assessed 
b y ch ecking, in a sample, the parents* account of such 
an Alness with the family doctor's case-notes. The level 
of agreement was adequate and corresponded to that 
obtained in other studies where mothers were asked about 
their children's past health. The validity of the question on 
phlegm production in the parents has also been established.* 
In the tables that follow', parents have been classified 
according to their smoking habits; Parents who at the 
Initial visit had never smoked, and at the first and sub¬ 
sequent follow-ups had not taken up the fcabkt were 
classified at each follow-up as non-smokers. In the tame 
way parents who at the initial visit were present smokers, 
and at the first and subsequent follow-ups did not give 
up the habit, were classified on each occasion as present 
smokers. There remained a further group of parents 
who had changed their habiu. These included parents 
who at the initial visit were ex-smokers. They had been 
permanently allocated, irrespective of whether or not they 
look up smoking again, to the "ex-smokers or changed 
habits " group. In addition there is a further group of 
parents who were either non-smokers or smokers at the 
initial visit but who changed their'habits during their 
follow-up. When this occurred they were reclassified 
permanently as members of the "ex-smokers or changed 
habits ** group; In this way, for example* parents who were 
smoker* at the initial and first and second follow-up visits 
would be classified as such at these follow-ups. If on 
the third follow-up they gave up smoking they would be 
moved to the M ex-smoker or changed habits'* group for 
that and subsequent follow-up years. This method of 
classification ensures that at each follow-up year the group 
of "non-smoking" and “present smoking” parents con¬ 
tains parent* with consistent smoking habits. The diminish¬ 
ing numbers at each follow-up m these two groups is a 
result of parents changing their habits and is balanced 
by the increasing numbers in the “ ex-smokers and changed 
habits ” group. The totals in these tables do not correspond 
to those in table I.‘This is accounted for by the exclusion 
of single-parent families and by absent data. 

Results 

The annual incidence per 100 children of pneumonia 
and bronchitis is given in table ii by parents* smoking 
habiu Parents have been classified into one of four 
groups: (1) both parents non-smokers; (2) one parent 
smoker, the other non-smoker; (3) both parent* 
smokers; (4) both parents ex-smokers, or one an ex¬ 
smoker, or parents who changed their smoking habits 
during the study- The incidence of pneumonia and 
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Jbeonchhis In the infant shows a gradient by pxmgP 
%noUag habit in the lint gear of life. 
fewest In Infants with both parents non-cm&v 
Jkighest where both parents smoke, and lies between 
these values where one parent amokes.; "TUs is 
*bJ«tad*tkaHy si gnific a n t gradient (P<Ck0005). In 
subsequent years there is no such clear gradient 
In table in parents have been classified both by 
their smoking habiu and by their response to the 
question “ Did you usually bring up any phlegm from 
your chest first thing in the morning in the last 
winter? *' In all categories except one, the incidence 
within a smoking category is higher among children 
where one or both parents have winter morning phlegm 
than in children whose parents are both free of this 
symptom. Some of the inridence^xates in the children 
—in particular those whose parents are both non- 
smokers and who have winter morning phlegm—are 
based upon small numbers and therefore may not be 
wholly reliable. On the other hand, the incidence- 
rates in children where neither parent has symptoms, 
whether they smoke or not, are based upon sub¬ 
stantial numbers, in them m the first year of life 
a comment gradient is seen Inighc Incidence of 
pneumonia and bronchitis Indie children in relation 
ID the parents* smoking habttC* The rates are lowest 
in children of non-smoking parents and highest where 
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N^ndthcr with wirier momma phlegm. o/l»ont or both with 
Wioirr nomine phlegm. 

both parents smoke. In children over the age of a 
year there is, however, no consistent gradient. 

Exposure of the child to cigarette smoke may be 
snore precisely estimated ifrom the total daily cigarette 
consumption of both parents. In table rv the incidence 
of pneumonia and bronchitis is given for parent pairs 
smoking between them 1-14, 15-24, and 25 or more 
cigarettes per day, by the presence of winter morning 
phlegm. A dear gradient of increasing incidence is 
seen in the first year of life that is independent of 
the presence of winter morning phlegm and is of the 
same site as that in table ill. In the second year and 
thereafter the pattern is not consistent and thus does 
s»ot suggest an effect of exposure to tobacco smoke 
at ages over one year. 

The gradients of incidence, particularly tbose 
attributable to passive smoking in the first year of 
life, could result from other factors which arc known 
to influence respiratory disease in infancy—for 
example, social class and family size. These factors 
anight account for the gradients if children of low 
social dass or of large family size were concentrated 
in families where the parents smoked or had chest 
symptoms. That these factors did not explain the 
observed gradient can be seen in tables v and vi. In 
table v, the findings for social class m alone are 


examined. The patterns for pneumonia and bron¬ 
chitis for all children in the first year of life persist. 
Similarly, in table vx, where the data are subdivided! 
by the number of siblings in the family, the patterns 
for pneumonia and bronchitis persist within families 
of the same size. This makes iismlikdy that either 
^godal daas or family abc can bc Tespoosjble for the se 
^ attemt of respiratory-disease fnci d eiufc 

The infants of mothers who smoke in pregnancy are* 
on average, lighter than those of mothers who do not 
amoke.* As infants oflow birth-weight are more likely 
to suffer respiratory illness than normal-weight in¬ 
fants, it is possible that the gradients in respiratory 
disease observed in the first year of life, and in par¬ 
ticular the effects of passive smoking, may be due, 
indirectly, to maternal smoking during pregnancy. 
In this study, birth-weight, as expected, shows a 
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gradient by parents* initial smoking habit, and to a 
lesser extent by winter morning phlegm. Thus 
parents who smoke have lighter infants than parents 
who db not smoke. The gradients in the incidence 
of pneumonia and bronchitis with parental smoking, 
and with winter morning phelgm, might therefore be 
partly attributable to differences in birth-weight. 
However, within different birth-weight categories 
the gradients for pneumonia and bronchitis with 
parents* smoking habits persist. Thus differences in 
birth-weight cannot account for the higher risk of 
pneumonia and bronchitis in the first year of life in 
children exposed to the dgareuc smoke generated! 
when their parents smoke at home. 

Discussion 

An association between the respiratory symptoms 
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la parents and in their school-age children was re¬ 
ported by Ctollby. 4 The present study demonstrates 
that this association is also found in younger children 
as tarty a s the first year of life. The nature of this 
association, as Colley noted, is net dear. He con¬ 
cluded that it was unlikely to be an artefact due, for 
example, to parents with symptoms over-reporting 
symptoms in their children. In the present study a 
sample of parents had their account of respiratory 
Alnesses in their children checked against the doc¬ 
tors* records. The dose agreement between these 
two accounts nukes it unlikely that over-reporting 
in families where parents have symptoms has occurred 
to any important extent 

The association could be a mult of shared genetic 
susceptibility to respiratory disease between parents 
and children, to living in the same home environment, 
and to cross-infection within the family. Twin studies 
In adults have not been notably successful in assessing 
the genetic contribution to adult chronic respiratory 
disease, and no studies have yet been reported where 
this aspect was investigated in parents and their 
children. The contribution made by the other factors 
to this association can, at present, only be guessed at, 
jt Passive smoking by the infant, after differences hr 
*«nh-wcight and paternal respiratory symptoms have 
Jbem allowed for, increases die risk so the infant of 
and bronchitis in the first year of life. 
4tfhen both patents smoke, this risk fa almost double 
that of infants with non-smoking parents. The find¬ 
ings confirm and extend those of Harlap and Davies. 1 
These workers did not, however, have information on 
fathers* smoking habits, nor did they take account of 
parents’ respiratory symptoms. 

A picture has thus emerged of a serious risk jfr 
Infants in rite first your ptfife from exposure so their 
parents* cigarette sroOfcel In contrast, between one 
and five years of age, there does not appear to be 
any important effect of passive smoking in increasing 
the risk of pneumonia and bronchitis. Colley, 4 in 
6-14-year-olds also found no association between 
passive smoking and the prevalence of chronic cough. 

The estimates of children’s exposure to dgarette 
smoke in this study are crude, being based either on 
whether parents were smokers or not, or on their 
total daily cigarette consumption. The smoke exposure 
of the children may have been overestimated, since 
parents—in particular the father—will smoke outside 
the home, or at times when the infant is not present. 
The effects on the child may thus have resulted from 
exposure to levels of dgareue smoke less than those 
suggested by our study. 

The evidence from this study, taken with that of 
Harlap and Davies/ provides convincing reasons for 
warning parents who smoke of the risks this emails 
Ser their children both from the direct effect of their 
• cigarette smoke and from the presence of their 
respiratory symptoms. Attacks of pneumonia aric! 
bronchitis, particularly in the first year of life,.can 
grill result in infant death despite prompt and vigorous 

• treatment. In those that survive such illnesses and ' 

* tecover clinically, the evidence points to somq^bxpge 
ao the respiratory tract as indicated by an increased 
prevalence of chest symptoms and deficits Jn venti- 
Jatory function found in later childhood** The 


longer-term conse que nces of such childhood illnesses 
have been underlined by the findings in a cohort of 
infants followed to the age of 20.* At this age the 
prevalence of chronic cough* after allowing for current 
smoking habits, social class of father, and air-pollution 
exposure, was higher in those with a documented 
history of a chest illness under the age of 2 years than 
in those without this history. If, by the age of 20, 
such long-term effects arc found, these could persist 
into middle and late adult life and contribute to the 
evolution of chronic respiratory disease. 


Opportunities !or the prevention of serious respira- 
mtf disease In Infancy and childhood are few. If 
Jfereacs who smoke give up the habit they can reaaoo- 
fay expea to lose, or at least exp eri en ce an improve- 
aaot la, their s esp i nu osy symptoms* This might well 
it la reduction of respiratory iffnesses In their 
At the game rime the a b s en c e of cigarette 

_> |n the home could be expected ao diminish 

t rAOf attacks of pneumonia a nd btoodfib h their 
chftdrco during ibe tow year «f We.' 
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factors on morbidity of 2,096 individuals was studied in 881 
apartments in Copenhagen. "Thriving" (satisfaction), followed by 
"housing standard" and "personal hygiene," turned out to be the 
most prominent predictor for health. "Thriving of parents" was 
also important for the health of children. Excluding "thriving" 
in the analyses, "housing standard" and "personal hygiene" or 
components of these group factors were the important predictors 
for the health of the population studied, except for children below 
3 years of age. For the health of these, the number of rooms used 
for sleeping purposes was the best predictor. The only other 
parameter found to influence the morbidities investigated was the 
total yearly income of the family, which was found to be a secondary 
predictor for adult morbidity during the last month of the 
investigation (March 1973) . The analyses applied were Pearson 
correlation, AID-program, factor and multiple regression analyses., 
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A Study in Old Residential Atbbs in Copenhagen 

K) iOLMA, MJ>. 

OUlWOlNC, MAaim. 

Imtitutr of Hypene 

Uaivenrify of i Copenhagen 

ABSTRACT 

The effect of 109 social, medical, touting. tod hygienic factors on morbidity of 2,096 individuals was studied in 16 J apartment* in 
Copenhagen “TkiMiq* (satisfaction), foBownd by “hooting standard* and “personal hygiene,** turned ont to be the most prominent 
predictor (or health. "Thrmpg of parents* wa* also important for the health of children. Excluding “thriving" fr At analyse*, “hour- 
big standard* and “penonal hygiene* or components of these group factor* were 0ic important predictor* for the health of the papula 
bon studied, except for children beiou ! yeas* of age. For the health of tfta^the number of room* used for beeping purpones was the 
beet pvtdictot. The onf> other parameter found to bifluenoe the motbtditiei temtigifad was the total yeasty income of *e family, 
which was found so be s secondary predictor for adulrmorbidity during the Iasi month of the investigation (March 1971). The analyse* 
^plisd weie fasrnon ooneUtion, AID-prognm, factor and;muttipk rtgr eisao e analyse*. 


STUDIES HAVE revealed that factors such as over¬ 
crowding, lack of basic sanitation (eg., cold or hot water 
supply), garbage accumulation, and poor construction 
with leaky roofs or cracked walls exert substantial influ¬ 
ence on health. However, extreme conditions are seldom 
found in developed countries, and the relative importance 
of various factors in housing conditions is difficult to 
analyze. Thus, contradictory or negative results have been 
obtained in the developed countries with respect to the 
relative importance of overcrowding, socioeconomic con¬ 
ditions, occupation, education, housing conditions, rehous¬ 
ing; etc., as they may affect morbidity. 1 

Dunng childhood; the area of residence, parents' social 
level, family size, history of respiratory diseases, and 
impairment of ventihlory function of the lungs influence 
bealth in adult life.** 4 A survey convering the field of 
housing and health was made by A*E. Martin* in the 
United Kingdom, and by V. Christensen* in Scandinavia. 

Method 

Six residential areas of Copenhagen were studied. 

Within each area we sampled a duster of successive house 
numbers and stories. We included an equal number of men 
andi women. The districts under study represented older 
houses in the central pan of Copenhagen. 

District One (Oesterbro) is characterized by wide streets 
with trees and small parks. Buildings are mainly large, 
fashionable-looking; older apartment houses containing 
large well-lighted flan with up to ten rooms or mort,aome 
with a desirable view. In this area, I S3 families were 
questioned (89 males and 94 females). 

District Two similarly consists of Urge, well-kept apart¬ 
ment houses with an exdusive location by ooe of the 
artificial lakes of Copenhagen (Sortedamssoeen). The flats 
Are large and sunny, but about 100 m from the lake the 


area borders on one of the most dosely built-up and 
densely populated areas in Copehagtn (District Five), 
resulting in an inevitable interaction between the extremes 
of the soda! daises, especially as far as children are con¬ 
cerned. In this area; 91 families were questioned (33 males 
and 58 females). 

District Three,nicknamed “Potatorows^fc on the 
opposite aide of the same lake. The buildings are low, welll 
separated, single-family houses about 100 years of age 
Each house contains up to three small flits. The ongmaJ 
quality of the houses was poor (small and damp, without 
shower, bath tub, or hot water installations). In front of 
the houses are small, well-kept gardens, and the friendly sur¬ 
roundings have attracted new social groups to the area 
Simultaneously,exten$!ve interior modernization has taken 
place, especially concerning hygienic facilities In this area, 
199 families were questioned (11 males and 128 females). 

District Four is situated in a dosed area between a mam 
road (Oesterbrogade) and a big park. The houses were 
built in the midnineteenth century, after a cholera epide¬ 
mic, as dwellings for workers. They are four long; two* 
story bufldings divided into two-storied flats with separate 
house numbers. The flats are very small, usually not more 
than 25 m*; and without hygienic or sanitary installations „ 
The area includes an assembly building and common 
houses for bathing and washing For each group of ten 
flats there is a chemical lavatory in a small addition to 
the houses. In front of each flat is a small gardtn, 

10-20 m*. In spite of the smallhess of the flats and their 
very limited facilities; the inhabitants find so many com¬ 
pensating qualities is the surroundings that they express 
general contentment In this area, 43 families were 
/ questioned (22 males and 21 females). 

District Five (Ryespde) is railed alongside District 
Two, less than 100 is away, ft Is one of the mostpopu- 
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lous streets in Copenhagen, and had a population of 
70,000 people before partial demolition began in the area 
The buildings are five* and rix*tory apartment houses with 
up io three back buildings An ordinary complex will 
consist of a front building and two back buildings. The 
flats are^msfFmd insufficiently furnished with hygienic 
facilities Heating is mainly separate for each room and 
Is dependent on oil stoves or the like. Daylight in the flats 
Is scanty, and recreation facilities for children and grown¬ 
ups are nonexistent in the districts In this area, 214 families 
have been questioned (109 males and 113 females) 

District Six is situated in the inner city (Noerrebro) and 
has the (uckname “the black square,** The buildings in the 
area mult be described as slums and are partly condemnedi 
Quality of flats is comparable with that in District Five, but 
the area is general]) considered the wont of the districts 
studied Typical flats in districts Five and Six have two 
rooms and awkward entrance facilities. Narcotics are said 
to be a problem in this district. In this area, 135 families 
were questioned (63 males and 72 females). 

The respondent was asked to fill out a questionnaire of 
109 questions with alternate and/or grouped answers. 
Instruction was given bythe interviewers (medical stu¬ 
dents), who returned Ifc hours later to collect the forms 
after having given supplementary instructions, as necessary. 
Up to five repeated attempts were made to contact persons 
who were not available or did not answer. The interviewers 
received their instructions partly as a group at an evening 
course and partly individually before visiting the districts 

Univariate tables were made for alt variables From a 
Pearson correlation matrix a screening selected all signify 
cant correlations Corresponding bivariate tables were made 
in order to study the correlations more dosely. 

Morbidity, the dependent variable, was defined as the 
number of episodes of illness, regardless of the duration i 
All other answers were considered independent variables 
We used am A utomatic Interaction Detector (AID) program 
to split the material into groups of respondents character¬ 
ized by discrete values of one or more (uncorrelited) pre¬ 
dictors. The principle for the split is a successive search 
for the predictor that gives the maximum difference 
between sums of squares for the dependent variable in the 
two groups Ih this paper, the AID results are illustrated 
as figures forming “three-structures” of “original” and 
“split’* groups 

Results 

Frequency Titles 

From 930 initial questionnaires the number of cases 
obtained was 881. covering 2,096 individuals-a response 
rate of 94,7% The sample amounted to 12% of the total 
population in the areas examined,!*.,in District One, 
10.5%, in District Two. 19.0%, in District Three, 10.5%; 
in District Four, 5.5%; in District Five, 12.0%, and in 
District Six, 1 7 j 0% of the population based on the statisti¬ 
cal yearbook for Copenhagen 1973. 7 

A two-way display of age and sex in the population 
investigated is shown in Figure !. Other characteristics of 
the different areas are given in Tables 1 and 2. From 
Table 1 it can be seen that the smallest dwellings ( < 25 m*) 
are most frequent (64,8%) in District Four and the largest 
•<»e* ( > 200 m s ) are to be found in District One and Taro. 


Alow standard of housingis found in Districts Four, 
Five, and Six, characterized by, among other things, drafts 
and cold and a lack of hot water or bath tub, especially 
in District Four, where bathing facilities do not exist . 

Alio in District Four, water closets outside the dwellings 
are found in up to 90.5% of the cases. However , in th is 
district most people are content with their area of tttu 
dence and present excellent personal hygiene as com¬ 
pared with the other districts (Table 1). 

The highest average figure for overcrowding, measured 
as individuals per room (kitchen included), was 0.68 in 
District Five (Table 2). The best housing standards are 
found tn Districts One and Two, while Four, Five, andi 
Six are inferior in this respect. 

A summarized description of morbidity in the different 
areas is found in Table 3; On the wholt,morbidity was 
low in District Two and high in District Five for all age 
groups, the 3- to 6-year-old I children being an exception , 
with higher morbidity in District Three. 

The highest morbidities were reported from District Five, 
which has the lowest housing standard next to that of 
District Four. In this latter district the morbidity of the 
adults was high k but the effect of environment and other 
factors on child morbidity could not be evaluated on 
account of the unusually small number of children living in i 
this districts 

The lowest morbidity was found in District Two. This 
district was rather homogeneous and did not show the 
large variation in housing standards found in other districts 

In District Five and especially in District Six the 
“thriving” was lowest. Almost every second person 
expressed on absolute intention of changing to another 
dwelling and district. However, in the other districts that 
represented old houses of low standards, nobody expressed 
any great wish or intention to move Those who wished to 
move from District Four, for instance, represented only 
7% and 4.8% of the population^ with complaints about 
dwelling and area of residence, respectively . The people in 
this district have given public expression to their desire to 
preserve the area in Its present condition, contrary to the 
authorities* intention to dear the area because of the low 
hygienic standard of Che buildings 


Correlation Matrix 

From the condition matrix tome associations between 
morbidity and other examined variables may be suggested. 
For Mo children in these areas of Copco 
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hagen, reported morbidity in the period March 1972-March 
J973 was correlated with the parents? dissatisfaction with 
their partner^ occupation (P < jOJ ), the number of tmaU 
childre n in the family (P< Dl), the parents* dissatisfaction 
with the environment and spare-time facilities within 


the area of residence (/ < X)$) and with their housing stan¬ 
dard (P< D5), as well as with parents* morbidity (/> < ,05), 
and common coldi in particular (P< jOJ). For the 7*]6 year 
age group t morbidity was correlated with the morbidity 
of the parents (FC.0J); especially in regard to the parents' 

v 


Table 2.-Fopul«tMMi Oitnetemtict of the Six Residential Districts la Copcahqpn 


Characteristics 

ONE 

TWO 

THREE 

rouR 

FIVE 

SIX 


N ( 

N 1 

N « 

N « 

M » 

N 1 

Nan [responding 

69 48.6 

J3 36.3 

71 35.7 

22 51.2 

101 47.2 

63 46.7 

Noaan responding 

94 51.4 

56 63.7 

126 64.3 

21 46.8 

XI3 52.6 

72 53.3 

Children 7-18 

58 

47 

42 

0 

76 

41 

Children ; 6 

27 

12 

26 

1 

26 

25 

Children 1 t 2 

25 

16 

16 

3 

31 

23 

Other family 
members 

172 

115 

149 

15 

177 

111 

Individuals 

460 

261 

434 

62 

524 

335 

Individuals per 0.46 

room Kitchen incl 1 . 

0.52 

0.52 

0 * 58 

o 

a 

01 

CD 

0.66 

N* Number of respondents 






%* Percentage of 

respondents 

within tha district 





Table 3.-SerMtcporiarf Morbidity of Mote Than One Day During the Last 12 Months In Different Age Groups within the Districts 


Characteristics 

ONE 

TWO 

THREE 

FOUR 

FIVE 

SIX 



N 

» 

N 

ft 

N 

i 

N 

ft 

N 

ft 

N 

ft 

Adult 


94 

53.4 

43 

47.3 

109 

56.5 

26 

65.0 

151 

69 e 9 

84 

63.6 

Children 

7- IB 

58 

63.0 

4 7 

43.3 

42 

62.5 

0 

0 

76 

76.4 

41 

64.3 

Children 

3-6 

22 

60.0 

12 

44.4 

26 76.0 

2 

50.0 

26 

64.5 

25 

56.5 

Children 

la 2 

25 

68.0 

16 

65.0 

18 

77.3 

3 

60.0 

21 

78.4 

23 

75.9 


N* Number ©f respondents 

%■ Percentage of respondents within tha ago group In tha district 
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respiratory diseases (P< J05). 

Morbidity of adults was correlated with dissatisfaction 
with their partner's occupation (P< jOI), the quality of 
housin g (F<.0 1),and with dissatisfaction with the environ¬ 
ment in thTSstriet, ix. t the standard of the district in 
relation to the other districts (P < JOS ) Respiratory 
symptoms in particular seemed to be responsible for their 
morbidity, expressed as coughing, phlegm production, and 
wheezing in the chest. Illnesses of the adults during the last 
month of study (March 1973) were alio related to these 
respiratory symptoms (^< .05) and coincided with an 
increased morbidity among the children (P< JOS). 

in addition to the died results, a great number of cor- 
relStions that did not concern morbidity were found. None 
of these was surprising 

AID A hafysis o f Singh Prtdictors 

Analysis of morbidity of adults within the last 12 
months showed a split into seven groups (Fig, 2). 

Fatiguing wotV at home formed the basis for the pri¬ 
mary spin Thr group with outspoken complaint of 
fatiguing work and with higher morbidity showed a secon¬ 
dary split into a still higher morbidity level in the socially 
worse districts, namely. Districts Five and Six, and a lower 
morbidity for those living in Districts One, Two, Three, 
and Four. For the other group with little or r«o fatiguing 
work at home, the secondary split was based on the pre¬ 
dictor •‘contentment with the dwelling " Those not con¬ 
tent with their dwelling were further split by the predictor 
"drafts and cold " and those satisfied with their dwelling 
were split once more by "fatiguing work at home." Con* 
tentment with one's occupation caused a further split 
within this Iasi group. 

The corresponding morbidity of adults within the last 
month (March 1973) showed a primary split based on the 



F%. 3. Morbidity of adults during last won fit: AID m*yu of 
tingle predictors. For key to Tigum and symbols. Me Fgunl 

housing standard, expressed as drafts and cold in the 
dwelling, while the yearly income of the family became 
a secondary predictorTor those complaining less about 
drafts and cold in the dwellings (Fig, 3) f For those 
with a higher income, the level of the apartment above the 
street was a third predictor for their morbidity. 

In a separate analysis of the 228 single individuals 
included in the study, it was found that the morbidity dur¬ 
ing the last year was predicted by fatiguing work at home. 
For those not stressed by this factor, morbidity was 
predicted by districts (Fig 4). The morbidity of the 653 
married persons was primarily predicted by their content¬ 
ment with their dwellings Complkinen who had a higher 
morbidity were further split by the presence or absence of 
dampness in the dwelling, and of these, those without 
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Morbidity of adidti during 12 moedu: AID axtalytii of 
dmkptdictoo. 
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fffc. 5* Noifcidif) of chfldrvjt of Ml yean of af«: AfDaaatyafcof 
Myglepfodicton. For key to Fifum and lyinboti, mt Figun 2. 

dampness had a lower morbidity and showed a tertiary split 
by district. Morbidity for the group with high contentment 
with their dwelling in the primary split was in the next step 
predicted by their contentment with spare-time facilities 
for children under 7 : years-of age Those content with the 
facilities had a lower morbidity (Fig. 4) 

The mean morbidity of aU children studied was 
increased in families with few children in the age group 
7-18 years of age . The secondary predictor was their 
parents* contentment with the spare-time facilities for the 
children under 7 yean of age Children of parents who were 
least content with these facilities had the highest morbidity. 



a, Morbidity of dtSdfc* 1 1 *2 yean of age (4), M jmn of 

4T (Wi and 7-11 yean of ar (O-AID a/ulyaa of riagJrpradjctoa. 

key to Fgam ia 4 ly-mbofc, *m Vigmn 2. 


4 third predictor for morbidity was the area of residence 
(Fig 5) 

The morbidity of the youngest children investigated , I I 
and 2 years of age, was predicted by the number of rooms 
used for sleeping purposes at home (Fig 6): The best 
predictor for the morbidity of cfcJtylren 3-6 years of age 
was the personal hygiene of their parents, measured as 
the frequency of taking showers (Fig 6). Thus, parents 
taking a shower with a frequency of less than once a 
month were associated with an increased morbidity of this 
age group of children. For families with better hygiene 
In this respect, the housing standard, expressed as drafts 
and cold in the dwelling, became another predictor for 
the morbidity of these children. 

The morbidity of children 7 fI 8 yean of age (Fig 6) 
was in the first place predicted by the parents* strong wish 
to change their dwelling, and in the second place by the 
discomfort from drafts and cold. The third predictor was 
the parents' personal hygiene, i*., their frequency of tak¬ 
ing a shower. The group with low morbidity in the first 
step was further split by the parenu* contentment with the 
area of residence. 

AID Analysis of Grouped Predictors 

After the split of the material into homogeneous mor¬ 
bidity groups on the basis of angle predictors, we combined I 
predictors into group factors: "thriving,” “housing stan¬ 
dard ” "personal hygiene ” "tobacco consumption " and 
"alcohol consumption.” The specific procedures may be 
obtained from the authors. 

"Thriving" refers to the level of contentment as studied 
by the following parameters: respondent and pinner's 
contentment with dwelling, district, neighbors, and 
occupation; their desire to move or to change place of 
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occupation; and the respondent*! contentment with sparer 
time facilities for children 3-6 and 7*18 yean old. The 
“thriving** factor eliminated the other group factors, with 
the exccption-oPTiousing standard,** as a predictor for 
aplitting into groups by morbidity during the Iasi year 
(Fig. 7). As thriving may be questionable as an fade* 
pendent variable, analysis was also undertaken with this 
factor excluded. Such an analysis yielded “housing 
standard** as the best predictor for adult morbidity, fol¬ 
lowed by “personal hygiene** (Fig, 7), 

fa analyses in which the adults* cases of illness, iridu- 
«ve of chronic symptoms, were analyzed in an analogous 
way, hhriving” turned out to be the best predictor, fol¬ 
lowed by housing standard** for the high “thriving** 
and “personal hygiene** for the low “thriving:” With better 
hygiene, “thriving** again became the dominant predictor 
for those in the lots “thriving” group; while “housing 
standard” was more important for those in the group with 
high “thriving ” In a corresponding analysis where “thriv¬ 
ing” was excluded, only “housing standard** remained as 
a predictor for morbidity. 

The mordibity of adults during the last month (March 
1973) was best predicted by their “thriving “ followed by 
“housing standard” for those with high “thriving.” Exclu¬ 
sion of “thriving** from the analysis yielded “housing 
standard” as the only predictor for morbidity. 

An in vestigation of the unmarried persons by the AID 
analysis of grouped factors showed that “personal hygiene” 
was the only predictor for their morbidity during the last 
year (March 1972-March 11973); this was true whether the 
“thriving” factor was included or noti On the other hand, 
as far as the married respondents were concerned, the AID 
analysis showed that the“thriving” factor was the domi¬ 
nating predictor for their morbidity during the year of 
the investigation. For persons with low •Thriving” and 
high morbidity no other predictors turned up The morbid¬ 
ity of persons with high “thriving” and better health was 
further predicted by “housing standard ” again followed 
by “thriving ” In a corresponding analysis, where the “thriv¬ 
ing** factor was excluded, “housing standard” turned out 
to be the prominent predictor foT morbidity of married 
respondents. 

When the respondent units, Le,, the respondents includ¬ 
ing any other family members, are considered as a target 
group; and the morbidity of the mean individual in these 
units is sought, the corresponding AID analysis shows 
that the predictor “thriving” again occurred as the domi¬ 
nant factor, followed by “housing standard ” In a fur¬ 
ther analysis, when the predictor “thriving” was excluded, 
“housing standard” once more turned out as the only 
predictor fox morbidity . 

Multiple Regression A nalysis 

An attempt to use step-wise multiple regression tech¬ 
nique (twenty-nine of the fifty-seven most significant vari¬ 
ables) to obtain more quantitative evaluations pve as 
mult for the morbidity an explanation of 35% 
of the total variance, and this was only true for the 7* to 
18-yearoJd children. The corresponding analysis with the 
variables grouped into factors of housing standard,” 
personal hypenc” “alcohol consumption"tobacco con¬ 


sumption,” and “thriving** did not yield more conclusive 
result! 

Discussion 

A comparison between our results and earlier studies 
in which housing standard and related factors have been 
investigated, e.g., Vagn Christenseto*s.study in 1956,* as 
difficult, primarily because of the lack of objective 
measures of the ‘hygienic standard** used in these studies 
Christensen used mortality among children of 0-2 yean 
of age as an indication of low housing standsrd. Further¬ 
more, our results from 1973 are not compatible with these 
ttudies because of the changes which have occurred since 
then in; for example, the soda! structure and the standard 
of living 

On the other hand, many epidemiological studies have 
not given attention to whether the study*! relationships 
were linear or followed an irregular, logarithmic, or other 
function. For linear relationships correlation analysis might 
be suffideni, but for, e.g„ irregular relationships such as 
those for quality of life, the nonlinear dependent AID 
analysis gives more valuable information. This was one of 
the reasons we used this form of analysis in our study 

In this study, which is concerned with morbidity in 
general, the factor “thriving” (satisfaction) was the most 
prominent predictor for health as compared with other 
group factors, such as “housing standard,” “personal 
hygiene,” “tobacco consumption,” and “alcohol consump¬ 
tion.”like morbidity, however; thriving can to a great 
extent be considered as s function of the society . Thus 
thriving and morbidity have many connections in common 
and do not necessarily express ! direct connection of 
causes, even though it is well known that thriving influ¬ 
ences our well-being and thereby our health An interest¬ 
ing aspect of this investigation, however, was that the con¬ 
nection between thriving and morbidity was stronger than 
the correlation between morbidity and other hygienic and! 
social factors Furthermore, the most outstanding correla 
tion coefficient found in this study concerned the mor¬ 
bidity of children under 7 years of age and the parents' dis¬ 
satisfaction with the spare-time facilities for this age group; 
and, further, the parents* dissatisfaction with their partner’s 
occupation (two of the thirteen components in the group 
factor “thriving”) 

Thai thriving turned out to be the most prominent 
factor for morbidity in general was surprising, but not 
many ttudies have been performed in which the relative 
Importance of this factor ii analyzed in comparison with 
others However, in 1974 Kato el al . 9 using four different 
questionnaires distributed in four cities in Japan, also 
tfiowed that “subjective feeling of satisfaction” was most 
significantly correlated with health, and, as they say. 

“might work to cover shortage of other resources ”• 

The importance of thriving is also reflected in other 
Investigations where, in spile of different definitions, it 
has been proven to play a prominent role, fa Denmark, for 
instance, E. Pedersen has emphasized in his different works 9 
the importance of thriving in the working environment; and 
has shown that a person’s expectations and the fulfillment 
of these determine the thriving of the person . The studies 
made by 0: Berg in southern Greenland show that there is 
a connection between morbidity, satisfaction, and hous- 
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tog conditions, which connection 0 . derg related to the 
special living conditions in this pan of arctic Den- 
mark , 1011 

In the present study the importance of psycholbgical 
factors for health is strengthened by the fad that morbid¬ 
ity for adults was predicted by their dissatisfaction with 
the area of residence, the dwelling, and the partner's occupa¬ 
tion. These factors, as well as some habits of the parents 
(€ 4 ., the frequency of taking a shower) and the physical 
and psychological contact within the family group (numbei 
of sleeping rooms, older siblings, etc.), also influenced the 
morbidity of the children. In the light of these findings, 
morbidity appears to be more dependent on psychological 
factors than on technical and soda! standards. 

The predictor ^fatiguing work in the dwelling,** which 
In this study has appeared as a predictor for morbidity, is 
difficult to estimate; it may reflect many factors and 
maV'bc in itself partly a causal factor. However, whenever 
poor housing standard was demonstrated as an important 
predictor for morbidity, the factor "fatiguing work in the 
dwelling** may be a causal factor in this relation. This 
applies especially to Districts Five and Six, where hous¬ 
ing standards are poorest, and which more often than not 
are inhabited by older people. 

Overcrowding, i.e., more than 1.5 individual! per room, 
including the kitchen, could not be demonstrated to 
have an effect since 0 7 was the highest number found for 
this factor. The effects of overcrowding by other defini¬ 
tions, such as only one child!in families living in one* 
or two-room apartments * have not been evaluated. The 
study did not indicate increased morbidity for children 
with increasing size of the family. Furthermore, in con¬ 
trast to Christensen , 6 no correlation was found between 
morbidity and the area of the dwelling. On the contrary, 
the morbidity of the youngest children increased with the 
number of rooms used for sleeping: 

Almost all otheT of the 109 different parameters investi¬ 
gated, like civil status, sex, education, and occupation, 
showed no important statistical associations, with one 
exception: the total yearly income of the family. This 
only had influence as a secondary predictor for morbidity, 
during the last month of the investigation, of adults who 
had 1 better housing standard. 

The negligible effects of tobacco and alcohol must be 
evaluated in the light of the fact that morbidity in this 
etudy covers morbidity in general Furthermore, the 
aS infl uence of parents* tobacco smoking on the morbidity 
of the youngest children of 1-4 years of age, found by 
DJ: Hammer ct al ., 12 could not be confirmed in our 
study. The relative influence of tobacco and alcohol on 
specificsymptoms and diseasesmight give other results 
but was not evaluated in this study: 

By and large this study indicated the importance of 
thriving for the health of people. It should be pointed 
out that people in some old-fashioned districts fight for 
the right to stay and to preserve the present environment 
of the houses, while at the same time up to 50% of people 
in new flats in the suburbs express a wish to move.™ This 
fact seems to indicate that modem planning In Copenhagen 


has failed to provide an environment acceptable to people 
of our time , which was the original intention . 

Conclusion 

The results obtained indicate Out measures to improve 
the public health should also aimpi increasing the 
thriving of people in their environment, at home, in their 
area of residence, and at work, or at least at protecting 
them from processes that tnigbi in any respect disturb 
their thriving: Community health planning and education 
should to a greater extent attend to housing standards, 
spare-time facilities, and efforts to improve personal 
hygiene. 
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Melia, R.J.W., Florey, C.V., Altman, D.G., Swan, A.V. "Association 
between' gas cooking and respiratory disease in children" British 
Medical Journal 2:149^152, 1977. 

SUMMARY: A four-year longitudinal study of the 
prevalence of respiratory symptoms and disease in schoolchildren 
and related environmental and socio-economic factors is in progress. 
We report results for the first year of this study (1973). 

A total of 5758 children age 6 to 11 years from 28 
randomly selected areas of England and Scotland were examined. In 
an analysis of the effects on health of possible indoor pollutants, 
boys and girls from homes in which gas was used for cooking were 
found to have more cough, "colds going to the chest", and bronchitis 
than children' from homes were electricity was used. The girls 
also had more wheeze if their families used gas for cooking. This 
"booking effect" 1 appeared to be independent of the effects of age, 
social class, latitude, population density, family size, 
overcrowding, outdoor levels of smoke and sulphur dioxide and types 
of fuel used for heating. It was concluded that elevated levels 
of oxides of nitrogen arising from the combustion of gas might be 
the cause of the increased respiratory illness. 
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Association between gas cooking and respiratory disease 
in children 

XJWMEL1A, C du V FLOREY, D G ALTMAN, A V SWAN 


Mrm* died **/ImrmtU 1977, t* 149-132 


Summary 

A four-ycar longitudinal study of the prevalence of 
respiratory symptoms and disease in schoolchildren and 
related environmental and socio-economic factors is In 
progress. W't report results for the first year of this study 
(1073). 

A iota! of 5751 children aged 6 to 11 years frorp W 
randomly selected areas of England and Scotland were*, 
examined. In an analysis of the effects on health of possible 
Indoor pollutants, boys and girls from homes in which 
gas was used for cooking were found to have more cough, 
"colds going to the chest”, and bronchitis than children 
from homes where electricity was used. The girls also 
had more wheeze If their families used gas for cooking. 
This "cooking effect” appeared to be independent of the* 
effects of age, social class, latitude, population density, 
family size, overcrowding, outdoor kvrl* of smoke and 
sulphur dioxide and types of fuel used far heating. It was 
concluded its qi elevated levels of oxides of nitrogen 
•rising from the combustion of gas might be the cause of 
the Increased respiratory Illness. 


Introduction 

Kv^pirjitiry disease is a major cause of childhood morbidity. 
Episode* of respiratory disc j*c have been said to predispose 
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children to acute respiratory disease in early adulthood, 1 which 
may in turn predispose them to later chronic respiratory 
disease^—a major cause of morbidity and mortality among 
older people in the United Kingdom. 1 1 The burden of chronic 
respirator) disease might be reduced if cnvironmenul hazards 
known to be associated with acute respiratory disease in child¬ 
hood were altered or removed. 

Outdoor air pollution has been repeatedly showm to be related 
to the prevalence of respiratory illness in children* • and our 
dau have suggested that the relationship may exist even at 
relatively low kvcl* of pollution. 7 Vie examine here the relation 
between respiratory illness and indoor air pollution arising from 
cooking fuels. The two fuels predominantly used in the home 
for cooking are electricity and gas. The former causes negligible 
pollution, but the latter gives rise to a range of pollutants cm 
combustion. 


Methods 

This prvreet was pan of a larger study of the healtlf and growth of 
primary whwolehilJren which started in 1V72. Twenty-two employ- 
mem exchange areas m England and six in Scotland were selected 
from a toul of 5*7 area* b> stratified random sampling so that poorer 
areas were proportionately better represented. Detaib efthemmplmg 
method have been published elsewhere * 

The study population consisted of all children aged 0 to II in 
•elected Ipnnur. sehools w ithin each of the 28 areas who w ere followed 
up in ! y 7V During this year questions on respiratory illness and the 
type ofiue' useJ itor cooking in the home were added to the question¬ 
naire. Out of 912* white children seen sn 1972 7H5:I were re-examined 
tn 1971 ?*. o . 

Information about respiratory tymptoct* experienced during the 
previous 12 months and episodes of bronchitis and asthma was 
requested I in a self-administered questionnaire completed by the 
children's parents or guardians. 7 The question about the cooking 
fuel used at home was: Do you cook by electricity, gas, coal, other 
*if ocher, please specify)? There mat a similar question for the main 
fuel i used I for heating and other questions to elicit socioeconomic 
information. The children were classified according to their fathers' 
occupations into the six social cliss groups defined by the Registrar 
General ’ No question* were asked about parental smoking habits. 

Outdoor smoke and sulphur dioxide (SO,, were sampled over 
24*hour period* at or near the study schools in 10 of the areas, using 
the daily smoke SO, sampler.'* 
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Qf the 7R5I children 214 mere excluded from the analysis because 
they c^mc from homes m which coal or a mixture of fuel* was used 
for cooking. There was no information on cooking ; fuels for of 
the remaining 76TT children, which IWt 6747 children who came from, 
homes m which either electricity or fa' only was used for cooking 
Data (on agc.'tRTlbcinl class and responses to all six question* on 
respiratory symptoms and diseases) were complete for 575** of these 
children: 3201 lived in houses where electricity was used for cooking 
and 2554 in homes where got was used 


Results and comment 
stMnxjs frevalekcu 

In each case the prevalence of each respiratory s y m p tom and disease 
sms higher in boys and girls from booses where gas was mod (tab) el). 
The differences m prctafcncr between the two groups of children were 
Significant (P r005) for bronchitis, day or night cough, and colds 
going to the chest in both sexes and, in girls, for all other symptoms. 
Prevalence rates were higher in boys than in girls. 


COMPARISONS OF RESPIRATORY ILLNESS ALLOWING FOR RELATED FACTORS 

The prevalence of symptoms and diseases in the children was 
greater in the lower than in the upper social classes and declined with 
age. Since the proportion of children in social classes 1; II, and III 
(nociTinanual) was higher among those from homes where electricity 
eras used for cooking (table 1!) and there were minor differences in 
age between the two groups of children, it was important to allow 
for the effect of these factors in the analyses. Moreover, the analysts 
Shown in uble I did nor lake into account the fact that some children 
had more than one symptom or disease. Fortunately a new computer 
package—GLIM (Generalised Linear Interactive Models}—which 
has a facility for fitting log-line it models" to frequency data has 
become available. These models are particularly suitable for analysing 
the relation between a set of factors and a categorical response when 
the response cannot be sensibly represented on • quantitative scale. 
This is a considerable advantage over more commonly used methods, 
which require the construction of a score, with associated assumptions 
of normality and the necessity* for intervals on the scale to have some 
quantitative interpretation. 

To carry out this analysis wre prepared a act of response categories 
using histories of bronchitis, colds going to the chest, and the three 
symptoms (day and night cough, morning cough and urheexe). 
Children reported to have asthma were excluded from the analysis. 
Although the analysis technique did not require it, we used a sequence 
of categories related to increasing severity of respiratory illness to 
simplify the interpretation Because there was no obviously comet 
way of doing this we chose tht simplest. A count of the positm 
responses to the five questions on symptoms and diseases wss used 
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to define the following four categories: (! ' no symptom or disease; 
(2* one symptom or diwau; O) two symptoms or diseases; (4) three 
©t more symptoms or diseases, 

Since the prevalence of symptoms and disease differed between the 
sexes, boys and girls were analysed separately. tX uhin each sex the 
children were divided into eight subgroups, according to social class 
fill (w.*w- f ■ or • hmc; or clan III (u\inujf) or helms); age 
(below K years i nr R years and over,*; and the type of cooking fuel uwd. 
Uiihin each subgroup the distribution of the children among the four 
categories of respiratory illness was determined I (uble III). These 
distributions for all the subgroups were then analysed using the log- 
linear model facility in the general linear model-fitting program" to 
test whether there were systematic and consistent differences between 
them related to social class, age. or types of fuel. This technique had 
obvious advantages over the relative-risk approach, wiith its require¬ 
ment that the response categories be compressed into a dichotomy, 
with a ronsequent loss of information. 

As expected, the analyses for both sexes showed that the proportion 
in the more severe categories of respiratory illness was greater m tht 
lower social class group than the higher group rP • 0 01) and greater 
for younger than for older children (P • 0 01;;. An association between 
greater sev erity of illness and the use of gas for cooking was also found 
after allowing for the effects of social class and age ‘P ■* fW for boys; 
P • .0 001 tor girUy In other words, in the gas cooking groups the pro¬ 
portion of children in the more severe illness categories increased at 
the expense of those m the less severe categories. Thus if girls aged 
under 8 years and from social class !U («j*muf3 or below are taken 
. as an example, 1T M „ of those from homes using electricity had two 
or more diseases or symptoms compared with 16’ „ of those from homes 
using gas 

Effects due to lari rude and the degree of urbanisation might also 
have biased the results, so the analVtts was extended to include these 
factors. To represent latitude the areas were grouped into three 
regions: Scotland, England north of the hnc joining the Bristol 
v Channel to the DC ash, and EhgtanJ south of this Hne Urban and rural 
* area) were defined according to whether they had a population density 
above or below'20 people hectare. As this extended analysis was too 
large for cur computer facility, urban and rural areas were analysed 
separately and the respiratory illness categories 3 and 4 combined i 
into one This also helped to ensure adequate numbers in etch cate¬ 
gory within the 40 subgroups. 

Allowing : for the effect of these factors in the analysis made no 
difference to the direction of the relationships of illness severity with 
age and secul class, although the associations did not always reach 
Statistical significance. A relation with latitude did emerge, but this 
teemed to depend on the degree of urbanisation. For rural areas there 
was some evidence, coo fined to girls, that there was more illness in 
southern England. For urban areas, on the other hand, the proportion 
of children in the more severe categories was highest in northern 
England and lowest m the south (P ^*0 001 for boys; and P ■ 0 005 for 
girls). This finding is difficult to explain simply , although it could be 
argued that latitude has no effect in rural areas—that is the significant 
result for the girls was a chance one, while in the urban areas the 
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effect* foUottvd the pancm one might have expected given the more 
Intense inJustruIisatiuo of the north. 

The av*vwtKm between the distribution among the respiratory 
illness atepYtet and the type of cooking luc) Has still apparent even 
olier ilww extra factor* wxtc uken into account. The proportion of 
ChUJrcn with more than one disease or symptom was still higher among 
those from homes where gat was used far cooking. Bui this association 
wj% signiticant only for girls in urban areas ;P OUl;; though the 
trend was in the tame direction for both sexes in urban an J rural areas. 
In lact far the girl* in rural areas anj the boys in urban areas the 
association was not far from significance fF ' ll IOj. 

Although we allowed for the effects of latitude and degree of 
urbanisation by classifying the areas into six groups it was still 
possible that some of! the cooking effect could have been cxplameJ 
by the difference* between the areas within each group. As it was 
impractical to divide the children into still more sub-groups we ex¬ 
panded the are* group* to 2h at the expense of the Tespncoo illness 
categories, which were reJuced to two (those with and those without 
symptoms or diseases j. Using a logistic transformation of the propor¬ 
tion of children m«he illness categories as the outcome variable, we 
obtained svrv similar results to our first log-linear model analysis. 
Alter allowing for the effects of social class, age, an J area.there w'is*a 
vigniticant association of symptoms and diseases with the use of gas 
for cooking in girls (P • 0 05;, and, although the effect did not reach 
significance in boys (P ~ l> 10), it was in the same direction. 

Vc also considered other fsetors that might have affected the 
comparisons, such as the number of siblings, overcrowding in the 
home, fuels used for heating and atmospheric smoke and SO, levels. 
Pau for these variables were, however, missing for many of thf 
children, so only very small numbers remained within the necessary 
subgroups. Thus the results from these analyses were not so con¬ 
clusive and w ill heed confirmation by study of the more complete data 
now being collected. None the less, when these factors were uken 
into account, the proportion of children with one or more respiratory 
symptoms or diseases remained higher in both boys anJ girl* from 
homes where gas was used. Thu approached significance in girls 
<F *0 10, but oot in boys. 


Disctssslon 

M't ha\Y shown that children from homes where gas is used 
for conking have a higher prevalence of respiratory symptoms 
•nd disease. This may be due to pollution of the indoor atmos¬ 
phere by the products of gas combustion, but other factors 
associated with gas cooking and respiratory disease may still 
underlie the findings. So far as possible we have made allowances 
for most of the obvious* factors. Although the grouping of 
social class which we haJ to use was rather broad, the differences 
in the use of electricity and gas between the social class groups 
were quite small (table II). On the other hand, we could not 
Include family smoking habits in the analysis, but the known 
relation betwven sm<»king and social da**” hto allowed ut to 
avoid! at least some of the potential bias from this sourer. It 


teems unlikely that within our soda! das* groups there was a 
higher prevalence of amuking in homes where gas was used for 
cooking. 

The main constituents in the emissions from a gas cooker are 
N„ Oy, CO,, and water vapour, with small amounts of CH«, 
C,H,/and other hydrocarbons* CO, NO, NO* and various 
aldehydes. Other pollutants, such as HF, HC1, and HBr, can 
be formed as a result of residual aerosol spray vapours in com¬ 
bustion air passing through the flame on the cooker. 

Reports" 1 * indicate that the concentrations of oxides of 
nitrogen emitted from gas cookers arc above those recommended 
in the US Primary Air Quality Standards'* and I Emergency 
Episode Criteria Guidelines." The maximum lev el recommended 
for the annual arithmetic mean is 0 <>5 ppm, and the alert levels 
for the 24-hour and one-hour averages are 015 ppm and 0 6 ppm 
respectively. Derw ent and Stew an" have reported that the 
concentrations of oxides of nitrogen taken as a whole that are 
emitted from a gas cooker range from 8 to 33 ppm. Wade era/* 4 
found that over a two-week period the average concentration of 
NCLin kitchens w here a gas cooker was used was over 0 05 ppm, 
the maximum recommended ambient level. They* also showed 
how the concentration in different pans of the home fluctuated 
with the use ol the cooker, and reached average kvels of over 
0 15 ppm for tw*o hours in the kitchen. 

Little has been published about the effects of these gases on 
human health. Reports of human exposure have been confined 
to agricultural and industrial accidents, in which adults have 
been suddenly exposed to very* high levels of NO and NO,, 
with resulting extensive pulmonary oedema. These levels were 
much higher than those emitted by gas cookers* 1 * 11 
• Information on the effects on health of low-level exposure to 
NO and NO, has come from animal and epidemiological smdies. 
Mice have been shown to have an increased susceptibility to 
infection by KUbsulla pnaonowa* when first exposed to con¬ 
centrations of NO, of 3 4 to 25 ppm'* for about two hours. 
Shy #r */, reporting some of the Community Health and 
Environ mental Surveillance System studies/ 1 attributed' a 
modest decrease in the respiratory function of children aged 7-8 
to exposure to a yearly average concentration of outdoor NO, 
of 008 ppm. Their measurements of NO. have since, however, 
been shown to be highly correlated with SO, concentrations, 
and the effects of the two pollutants could not be separated.” 
Tc have found only one report of studies similar to ours, which 
were carried out in families living in a suburb of Columbus, 
Ohio, and on Long Island, New York.*’ In contrast to our 
findings, the authors found no association between respiratory 
disease and the use of electricity or gas for cooking. 

SO, is also given off during the burning of gas and is pbten- 
tially harmful to health. But the sulphur content of gas is legally 
limited and the levels of SO, produced are likely to be very much 


Source: https://www.industrydocuments.ucsf.edu/docs/tgnxOOOO 




tower than those currently believed to have advene effects on 
• health. Thus it seems unlikely that this pollutant would have 
caused our findings 

Possibly the combustion products of coal gas and natural I gas 
differ in sromrrclcvant way. We could not separate the effects 
of the two types of gav because most of the study areas under- 
went a i changeover from town to natural gas during 1971, and 
(he children wxrc exposed to the products of combustion of 
both gases. 

The relation between gas cooking and respiratory disease 
seems to be stronger and more consistent for girls than for boys, 
as wwjld be expected if girls spent more time in the family 
kitchen U this is the ease, and the difference between the sexes 
is purely the result of differing exposure, it seems likely that 
increased ventilation might be sufficient to dispel any risk, 

Nevertheless, deuiled research h required So determine 
whether the relation wt have found is really due to a direct 
effect of the products of gas combustion cm the respiratory 
tract before more complicated measures for the protection of 
health are considered. 

We thank Professor Holland as initiator and director of the study 
for his advice; the trained field workers from St Thomas's Hospital; 
other m e mb ers of the study team; and the nurses, teachers, and other 
assistants in the study areas. We also thank Mr Robert Waller from 
the MRC Environmental Hazards Unit at St Bartholomew's Hospital 
Medical School and Dr Stuart Reed from the Scientific Department, 
County Hall, London for reading the manuscript and giving valuable 
advice. 
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Dextrostix-Eyetone in the insulin hypoglycaemia test 
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Summary 

The Ames Dextrostix-Eyetone system was evaluated for 
monitoring the blood glucose concentration during 
Insulin-induced hypoglycaemia. The results agreed well 
with laboratory value* for plasma glucose, obtained by 
an nnhoioluidinc method, and the method was prac¬ 
ticable as a bedside technique. In two eases quick results 
•btalnedi with the Eyctone enabled the Insulin tolerance 
test to be Interrupted to prevent severe hypoglycaemia 
before the clinical indications were obvious. The extra 
time and effort required were minimal, and lu value 
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seems to far outweigh the disadvantage of the extra orork 
entailed. Nevertheless, care hi using: the system was 
important, and the operator must familiarise himself 
with the system before the most reliable results ean be 
•btalnedi 


Introduction 

The best validated test of pituitary growth hormone (GH) 
release in man n the insulin tolerance test (ITT), which allows 
GH and ACTH production by the pituitary to be assessed 
simultaneously. 1 The test is especially useful as thyrotrophin- 
rclcasing hormone (TRH)land gonadotrophin-releasing hormone 
<GRH) may be given at the same time so that prolactin and 
gonadotrophin secretion can be assessed simultaneously. 

Adequate h>'poglycacmia must be achieved before the ITT 
can be considered to be satisfactorily completed. Hypoglycaemia 
n generally recognised from the clinical signs (such as sweating) 
and, retrospectively, by seeing that the plasma gliicosc con¬ 
centration has fallen by at least 50 .. from the fasting value 
and is below 2*8 mmol 1 (5( v mg 100 ml) at the nadir.* Because 
of this and of the danger of severe hypoglycaemia, especially 
in young children, there have been extensive searches for other 
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Melia, R.J.W., Florey, C.D., Chinn, S. "The Relation between 
Respiratory Illness in Primary Schoolchildren and the "Use of Gas 
for Cooking I. Results from a National Survey" International Journal 
of Epidemiology 8(4): 333-338, 1979. 

SUMMARY: The relation between the prevalence of respiratory illness 
and the use of gas for cooking in the home has been investigated 
in a 5 year longitudinal study of primary schoolchildren from 
England and Scotland. 4827 boys and girls aged 5 to 10 years from 
27 randomly selected areas were examimedi in 1977, the last year of 
the study. The prevalence of one or more respiratory symptoms or 
diseases was higher in children from homes where gas was used for 
cooking than in those from homes where electricity was used. The 
association appeared to be independent of age, sex, social class, 
number of cigarette smokers in the home and latitude but it was 
only found* in urban areas (for boys p < 0.005; for girls p^O.08). 
In children' aged from 6 to 7 1/2 in 1973 who were followed until 
the last year of the study there was some indication that the 
association between respiratory illness and gas cooking may have 
disappeared as the children grew older. However this trend was 
not obvious in the other age groups who were follwed for 2 to 4 
years. The evidence of an association between gas cookingi and 
respiratory illness in 1977 supports results for 1973 presented in 
am earlier report while the cohort results provide some indication 
that the association may disappear as children grow older. 
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The Relation between Respiratory Illness 
in Primary Schoolchildren and the Use of 
Gas for Cooking 

I - Results from a National Survey 
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Malta R JW |Department of Community Med*c»ne. St Thomas'* Heapitat Madicat School. London SE1), Fiorav 
C du V ond Ch«nn $. Tht relation bet wetn respiratory •Knest m primary #cho©ichiidttn and tht use of gas for 
Cooking. I - raw'll from a national study inttrnsuoAst Jovrnst of Eprdtrmofofr 1979, 8 : 333*338 
Tht relation between the prevalence of respiratory illness and use of gas fbr cooking in the home hat been invests 
gated m a 5 year longitudma'i study of primary schoo'children from England and Scotland. 4827 boys and girls 
oged 8 to 10 years Mom 27 randomly selected areas were examined m 1977. the last year of the study. The pre¬ 
valence of one or more respiratory symptoms or diseases was higher m children from homes where gas was ustdi 
dor cooking than in those from homes «ascre electricity wet used. The essociation appeared to be independent of 
oge. tea. social c'asi. number of Cigarette smokers in the home and latitude but it was only found m urban areas 
(for boys p < 0.005; for girts p • 0 08). In children aged from 6 to ?H in 1973 who were followed until the last 
year of the study there was soma indication that the association between respiratory illness and gas cooking may 
have disappeared as the children grew older. However this trend was not obvious in the other age groups who were 
don owed for 2 to 4 yean. The evidence of an association between gas cooking and respiratory iHntss m 1977 sup- 
poru results for 1973 presented m an earlier report while the cohort results provide some indication that the associ¬ 
ation may disappear as children grow older. 


Wc previously reported an association between the 
prevalence of respiratory symptoms and disease, and 
the use of gas for i cooking using datg from a national 
study of respiratory* illness in primary school- 
childrer (1). We believed I that indoor air pollution 
from nitrogen dioxide (NOj) formed during the 
combustion of gas might have been the cause of this 
association because this pollutant has been shown 
to increase susceptibility to respiratory infection 
in animals (2). In this series of 3 papers we present 
an analysis of more recent data from our national 
study and also the results of an investigation of the 
relation between children's respiratory illness and 
NOi levels in the home (13, 4); 

As the national study was longitudinal and the 
association had only been reported for children 
present in the first year, 1973, we examined the 
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dau collected over the 4 following years. Results 
are reported here for 2 groups of children: those 
aged 5 to 10 yean who were present in 1977 but 
not 1973 (cross-sectional analysis), and those 
present in 1973 who were folio wed-up in sub¬ 
sequent yean (cohort analysis). Unlike previous 
yean, in 1977 information was collected on the 
number of people who smoked cigarettes, cigars 
and pipes in the home. Additional information was 
collected on gas water heaten and use of pilot 
lights on gas cookers as it was thought that these 
might contribute to the concentration of N0 2 
in the home. 

M l TilODS 

Children aged 6 to 11 yean who attended schools 
in 28 randomly selected areas of England and 
Scotland were examined annually from 1973 to 
1977. The areas were selected from 597 employ¬ 
ment exchange areas by stratified random sampling 
and a socio-economic index was used to obtain a 
high proportion of poor areas. Details of the method 
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TABLE 11 Crude prrvsle mce <%) io/mpmfAf) symptoms omd dintoiet w koyi ond girii py type of fuel mted 

fot cooking tn ibe tome 


Symptoms and Diseases 

fclrccricity 

Boys 

Gas 

f 

Electricity 

Cirli 

Gas 

f 

Mommj cough 

2.1 

3.1 

<010 

24 

1.1 

p>0 20 

"Day ot night cough 

4.2 

6.) 

■002 

4.4 

4.7 

p>0 20 

Whette 

10 1 

101 

p>0i20 

6.2 

7 1 

p>0.20 

Colds going to chest 

23.2 

264 

r<oio 

19.6 

. 21 1 

p<0 05 

Asthma 

2.4 

24 

pi >0:20 

1L0 

1.2 

p>0.20 

Bronchitis 

3.2 

1.6 

p>0 20 

22 

2.4 

p>0.20 

Any respiratory illness 

26 I 

31l2 

p«0l0i 

23.1 

26 5 

*•0.07 

No. children! 

1549 

•09 


146S 

901 



• Probability value of difference between prevalence rates X’ test 


of sampling arc described elsewhere (5). 

In 1977, however, school* from 4 areas were un¬ 
able to participate and other state schools in the 
areas were selected. A further 4 areas declined to 
take part at all and nearby areas with the same socio¬ 
economic index were substituted. One of the new 
areas was not ready to join the stud/ in 1977 so the 
the children came from 21 English and six Scottish 
areas. The age range was extended in 1977 to 
include 5 year olds. 

Information about each child and the home en¬ 
vironment came from a questionnaire completed by 
the child's mother or other guardian. Six questions 
used in the previous years of the study were asked 
about cough, wheeze, colds going to the chest, and 
the number of attacks of asthma and bronchitis 
experienced by the child; during the previous 12 
months. Other questions were asked about the type 
of fuels used for cooking and heating in the home, 
the presence of gas water heaters, the use of pilot 
lights on gas cookers, and the number of people in 
the household who smoked cigarettes (at least 5 a 
day) and cigars or pipes regularly. The father's 
occupation was coded into social clkas using the 
Registrar General's classification (6) and the numbers 
of bedrooms and people in the household were used 
to obtain a measure of overcrowding. 

Population for 1977 Cron Sectional Analysis 
9925 children were included in the study in 1977 
but 1330 10 to 11 year olds were excluded because 
they had also been present in 1973 and we wished 
to study a different group of children from those 
among whom the effect of gas cooking had'first 
been found! Out of the remaining 8595, 271 were 
omitted because their ethnic group was either not 


known or known to be non<Uucasian, 86 because 
their age was not known and 261 because they were 
aged Iess than* 5. 5008 (63%) of the remaining 
797$ children had complete information on the 6 
respiratory symptoms and diseases, their father's 
social class, the number of cigarette smokers in the 
home and type of fad used for cooking. Ill of 
these were excluded because they did not come 
from homes where only electricity or only gas was 
used for cooking, As the numbers of cigar and pipe 
smokers in the home tended to be a&ogaced with 
the number of cigarette smokers we used only the 
latter in the analysis as a general indicator of smok¬ 
ing in the home. The analysis was carried out on 
3017 children from homes with an electric cooker 
and 11810 from homes with a gas cooker. This 62% 
sample of the total 7794 children eligible for 
analysts showed no significant difference in mean 
height or weight by age from the remaining 38% 
whose measurements had also been taken. For 2 
additional analyses 98% of the 4827 children had 
information on gas water heaters and 994% of 
those from homes with a gas cooker had data on 
pilbt lights. 

IP7J Cohort Analysis 

Children first examined in 1973 left the study when 
they left primary school at age 11 or 12, or if they 
moved away from their area. They could be divided 
into 5 cohorts according to the number of com¬ 
pleted years for which they remained in the study 
(less than 1 to 4). In our analysis we have considered 
only children who had been followcd-up for at least 
one year and whose mother had reported the use of 
the same cooking fuel in each year that their child 
wras studied: There were insufficient numbers for 
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analysis of those who reported a change in cooking 
fuel. 5756 (73%) of the 7831 Caucasian children 
aged 6 to 11 yean who were included in the study 
in 1973 had complete information on sex. social 
dasi and the 6 respiratory symptoms and diseases, 
and came from i homes where only gas or electricity 
was used for cooking. Of these 5758, 2408 (42%) 
had data for full follow-up 791 children aged 9.5 to 
10:9 (14%) were followed up with complete infor¬ 
mation for one year until 1974, 578 aged 8.5 to 9.4 
(10%) until 1975, 502 aged 7 5 to 5.4 (9%) until 
3976 and 537 aged 6 to 7.4 (9%) until 1977. 

CROSS-SECTIONAL RESULTS FROM 1977 
Cntde Prevalences 

Only the prevalences of day or night cough in boys 
(p ° 0.02) and! colds going to the chest in girli 
(p < .05) were found to be significantly higher in 
children from homes where gas was used for cook¬ 
ing compared 1 with children from homes where 
electricity was used. Although none of the other 
symptoms or diseases appeared to have a statistically 
significant association with gas cooking the pre¬ 
valences of all symptoms and diseases in girls and of 
morning cough, cold! going to the chest and bron¬ 
chitis in boys appeared to be higher in children from 
homes with gas cookers. 

As no particular symptom or disease showed a 
strong association with type of cooking fuel in 
either sex and the responses to the 6 respiratory 
questions were interrelated we grouped the various 


responses to the 6 respiratory questions by a method 
similar to that used in our previous paper (1). The 
children were grouped according to whether they 
hadl none, or one or more symptoms or diseases. 
In both sexes this prevalence was higher in children 
from homes where gas was used for cooking than in i 
those from homes where electricity was used 
(p fi 0.01 in boys, p ■ 0.07 in girls). 

Prevo Itnct sod rtloted fit cl on 
Several interfering factors needed to be considered 
in the analysis. The most obvious of these were age 
and social class (Table 2). Within each age group 
(less than 8 , and 8 or more) and each social class 
group (ll to III (non-manual), and III (manual) to 
V) the risk of haring one or more respiratory symp¬ 
toms or diseases in homes with gas cookers relative 
to the risk in homes with electric cookers was 
greater for all children except girls aged 8 or more 
from the manual social classes The weighted 
relative risk (7) across these groups in homes with i 
gas compared with homes with electric cookers was 
1.25 for boys (p < 0.05) and 1,19 for girls (p * 0.07), 
The relative risk in boys was similar to that for boys 
aged 6 to ll who had been examined in 1973 (1.29, 
p < 0.05) but in girls the relative risk was smaller in 
1977 than 1973 when the value was 1140 (p < 
0 . 001 ) 

Ih addition to age and social class we also con¬ 
sidered the number of cigarette smokers in the 
home. The number of smokers was associated with 


TABLE 2 Prrtcmtogc of boyt end grWi eUtnfied by ibr number of rrtprmtpry ryrmptoms ond dufotet tbot they wr» 
crpontd to bow, total eUtt. mgr omJ type of fotinted for cooking Kitk ofbovimf rrtgrrotory tilmrtt m bomrt wifk 
got cooking rolotn# to ml i« bomttontb clcctnc cooking slio gnten. 


SOCIAL CLASSLS J-lll (non-manual) SOCIAL CLASS*S III (manual) - V 


SEX 

No Respiratory 
Symptoms or 
Diseases 

< I Years 

Electricity Cos 

> 8 Yean 

Electricity Gaa 

< 6 Years 

Electricity Gas 

> 8 Years 

Elretricity Cas 


None 

1 lor more 

726 
21.k' 

61) 

31.7 

80.8 

19.2 

71.7 

26.) 

672 

126 

69.) 

16 7 

76.4 

2)16 

71.1 

269 

ROYS 

TOTAL t 

100 

(277) 

IDO 

1)45) 

100 

(166) 

100 

(111) 

too 

(465) 

100 

Oil) 

100 

(501) 

100 

(136) 


Relative Risk 


1.2 


V7 m 


1.2 

U . 


None 

1 or mort 

716 

24;4! 

724 

27:6 

65.2 

14.6 

61.4 

16.6 

72.1 

27.6 

61.7 

16.1 

76.5 

21.1 

I1L5 

ia.5 

GIRLS 

TOTAL t 

too 

(291) 

100 

(114) 

100 

(241) 

too 

(116) 

100 

(497) 

100 

0)6) 

TOO 

(4)7) 

too 

(111) 


Relative Risk 


1.2 


II 


1,5* 


0.6 


• p < 0.05. f number of children given ill brackets 
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aU t S IQ X • YEARS M vn 412 ROTS, ir GALS 



ACC 8 $10 • 4 YtAftSM*73 282 ROTS. 286 OWLS 

4CC 7 8 10 8 4 YEARS W «7| 2U KTfS, SI GALS 



AGE I O X) 74 YEARS ft «72 257 ROTS, 280 0AL6 



The relative nth for respiratory ill nets W rbi/d'** 
from gas cocking homes compared vub cbddren 
from electric cooking homes is given by sen end 
yes* of eaammatten for four cohorts defined by age 
at entry mto the study m 107/. 

the use of gas for cooking within manual but not 
non-manual social classes {Table 1); Furthermore 
the degree of urbanisation and location of the study 
areas defined by latitude (Scotland, and England 
divided into north and south by a line joining the 


Bristol Channel to the Wash) were included in the 


analysis because in 1973 the association between 
respiratory illness and gas cooking was found to be 
most consistent in urban areas in the north of 
England. 

The relation between these factors and the 


prevalence of respiratory illhess was examined by 
fitting a Idg-linear model using a method of analysis 
described in greater detail in our earlier paper (1). 
We first divided the children into 1 of 2 categories 
according to whether they had none, or one or more 
symptoms or diseases. We then divided the children 
by age. sex. social class and type of cooking fuel as 
shown in Table 2, into rural and urban areas (leu 
than 20. and 20 or more persons per hectare respec¬ 
tively) and the 3 divisions of latitude. The model 


was fined separately for boys and girls, and for rural! 
and urban areas as the computer program did not 
allbw space for the full model. 

An association between gas cooking and respira¬ 
tory illness was found independent of the effects of 
the other factors in urban areas (for boys p < 0.005. 
for girls p ° 0 . 08 ) but not nml onci^Fer girls in 
rural areas, however^ there appeared to be an 


association in the younger age group. 



r As might have been expected the 
prevalence was higher in the younger than tfie older 
age groups (p < 0.05) in all 4 analyses and tended to 
be higher in the manual than the non-manual social 
classes although this relation was not always sig¬ 
nificant. An effect of latitude was only found in 
girls from urban areas (p < 0.05). the prevalence 
being highest in the north and lowest in the south of 
England. 

We extended the 1977 analysis to allow for the 
effects of various other factors; overcrowding; type 
of fuel used for beating in the home and outdoor 
levels of smoke and sulphur dioxide in each area. 
Only 1032 boys and 950 girls could be included in 


TABLE 3 Percentage of children tmng in homes teab no cigarette smokers and one ar more 
smoben by the father t social clast and type of fuel used for cooking in the home 

Social Quart Social Qaatct 

No Cfmrrttc l-lll (non-manual) 111 (manual) - V 


Smokers 

Electricity 

Gas 

E 

Electricity 

Gat 

E 1 

None 

5:5.4 

588 


18.3 

28.5 


1 or more 

446 

41.2 

•0 20 

61.7 

71,5 

<0001 

TOTAL • 

100 

(1097) 

100 

(510) 


100 

(1920) 

100 

(1100) 



* Number of children given in brackets. 
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TABLE 4 Crude prrooltmc* flbj of Nnit| one or mort etlpteotor* tymptomt or dueoiet 
tm koyt ond prtt by preteme* of g *i wafer btotmm tbt borne on J 
«j r «/flip/ Iqjfrii pp f«i ««*m 


Presence of 
Gas Water Heater 


Uaeof 

Pilot Light * 


SEX 

No 

Yn 

f 

No 

v«* 

t 

•OYSt 

27 7 
(2231) 

33 1 
(Ml) 

<0 20 

H>» 

OOS) 

11 4 
(598) 

p > 0 20 

GIRLS* 

219 

(2201) 

319 

(121) 

< 0 02 

».! 

OtO) 

21 1 
(590) 

p <0.13 


t number of children given in brackets 
* children from home* with electric cooking excluded 


this analysis so these findings must be.treated with 
•caution. However, after allowing for the various 
effects, respiratory illness was shown io be associated 
with gas cooking although only significantly so in 
boys (for boys p< 0.02; for girls p * 0,15). 

Finally we examined the effects of gas water 
heaters and pilot lights (Table 4) but a relation 
could only be found between respiratory illness in 
girls and gas water heaters. When we fitted a log* 
linear model to include age, social class, and number 
of smokers in the home in the analysis, the associ¬ 
ation between water heaters and respiratory illness 
was inconsistent across the 2 social class and cooking 
fuel groups. However a significant association was 
found in girls after allowing for the effects of the 
other factors (p < 0.05). 

LONGITUDINAL RESULTS FOR 1971 COHORTS 
For the 4 cohorts of children who were followed up 
for 1 to 4 years, the risk of having one or more 
respiratory symptoms or diseases in homes with gas 
cookers relative to the risk in homes with electric 
cookers was calculated for each sex in each year 
that the children were examined (Figure). 

In each cohort in 1971 the risk was greater in 
homes with gas than homes with electric cookers. 
In later yean, as the cohorts grew older, the relative 
risk showed considerable variation. Although in 
most groups the risk was greater in homes with gas 
than homes with electric cookers, there were groups 
for whom the risk was either negligible or greater 
in homes with electric cookers. For each cohort 
there appeared to be no consistent change in the 
aiie of relative risk over time except possibly in 
the youngest cohort for which the relative risk 
tended to decline from 1973 to 1977. 

DISCUSSION 

Although the results for the children seen in 1977 


were similar m many respects to those for children 
seen in 1973 there were differences. The effect of 
gas cooking seemed to be smaller in 1977 than in 
1973, at least among girls and, whereas the effect 
had been most consistent in urban areas in the 
north of England in 1973; it appeared to be in* 
dependent of Uurude in 1977. 

As the prevalences tended to be higher in 1973 
than 1977 for children of the same age it is possible 
that children examined in the fine year were pre* 
disposed to respiratory illness through the effect of 
some other factor and were therefore more sus¬ 
ceptible to the effect of gas cooking Differences in 
weather conditions between the 2 years would not 
explain these observations as the winter of 1976/77 
was colder than that of 1972/73. However as the 
levels of outdoor air pollution from smoke and, 
sulphur dioxide have been declining over a number 
of yean in the United Kingdom (S) children studied 
in the first year may have been exposed! to higher 
levels of outdoor air pollution during their lives 
than children examined in the last year As the 
decline in these levels is likely to have been most 
marked in urban areas in the north of England this 
may explain why the effect of gas cooking was no 
longer most consistent in this type of area by 1977. 
Fast high levels of atmospheric pollution may also 
have contributed to the differences in longitudinal 
results between the cohorts first examined in 1973: 

There seems to be no obvious reason why there 
should be a gas cooking effect in urban areas and a 
smoking effect in rural areas. Wc can only suggest 
that variation in the size of effects has occurred by 
chance because the sample of children has been sub* 
divided into so many small groups diiring the 
analysis. Similarly, as the effect of gas water heaters 
was only found in girii, a more thorough investiga¬ 
tion would be required before drawing conclusions 
from this result: 
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In summary we have observed an association 
between respirator) illness and the use of gas for 
cooking in 2 separate groups of children seen 4 
years apart in our national study. However the re¬ 
lative risk for children in homes with gas cookers 
compared with those in homes with electric cookers 
"appears to be smaller in 1977, at least in girls, and 
only significant in urban areas. There is also some 
evidence that the relative risk may decline as the 
children grow older. 
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SUMMARY: As part of a long-range, prospective study of the health 
effects of air pollution, approximately 8,000 children from 6 yrs 
to 10 yrs of age from 6 communities had questionnaires completed 
by their parents and had simple spirometry performed in school. 
Comparisons were made between children living in homes with gas 
stoves and those living in homes with electric stoves. Children 
from households with gas stoves had a greater history of respiratory 
illness before age 2 (average difference, 32.5/1,000 children) and 
small but significantly lower levels of FEV1 and FVC corrected for 
height (average difference, 16 ml and 18 ml, respectively). These 
findings were not explainedi by differences in social class or by 
parental smoking habits. Measurements taken in the homes for 24-h 
periods showedi that M02 levels were 4 to 7 times higher in homes 
with gas stoves than in homes with electric stoves. However, these 
24-h measurements were generally well below the current federal 
24-h outdoor standard of 100 ug/m3. Short-term peak exposures, 
which were in excess of 1,100 ug/m3, regularly occurred in kitchens. 
Further work will be required to determine the importance of these 
short-term peaks in explaining the effects noted. 
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SUMMARY __ 

As part of a long-range, prospective study of the health effects of air poll ut ion, approximately 1,000 chil¬ 
dren from 6 >r\ to 10 yrs of age from 6 communities had questionnaires completed by their parents and I 
had simple spirometry performed in school. Comparisons were made between children living in homes 
w nli gas stoves and iIhkc living in homes with electric si uses. Childrenfrom households with gas stoves 
had a greater history of respiratory illness before age 2 (average difference, 32.5/1,000 children) and 
small but significantly lower levels of FEV, and FVC corrected for height (average difference. 16 ml and 
II ml. respectively). These findings were not explained by differences in social clast or by parental smok¬ 
ing lubitv. Measurements taken in the homes for 24-h periods showed that NO f levels were 4 to 7 times 
higher in homes with gas s loses than in homes with electric stoves. However, these 24>h measurement i 
weu* generally welt below i he curiem fcslcial 24-h outdoor standard of Shori icrm peal expo 

suies. which were in excess of 1,100 *jgin‘. regularly occurred in kitchens. Further work will be tcquiicdi 
to determine the importance of these short-term peaks in explaining the effects noted. 


Introduction 

There is little doubt that NOi at high concentric 
lion is associated with acute pulmonary edema 
and death. Silo filkr’i disease in which farmers 
are exposed to concentrations of NO* in excess of 
200 ppm <376,000 yg/mf) with a resultant occur¬ 
rence of acute pulmonary disease and occasionally 
death wax described in the 1950s (I); Farmers sur¬ 
viving such exposures can develop pulmonary ft* 
brosis. 

nrnrd m original form July 2. 1979 and m rtvistd 
form Oaot*cr /6, 1979) 

♦ From the Depart menu of Physiology, llioitatisiici. 
and Environmental Mrahh Sciences, Harvard School ofi 
Public Healih, and ihe ('banning Laboratory, Depart- 
merit of Medicine, Harvard Medical School and Peter 
llcnt llrigharn llo>piial, lloslon. Mass. 02115. 

1 Supported in part by grams from the National Insti¬ 
tute of Environmental Health Sciences (I S0002, 
I:S0I10X), Llccnic Power ResearchiInstitute Contract 
No RP 1001 FPRI, and PPA Contract No. i:P6M)2f 
3201. 

* Presented I in part at the Symposium on Health Ef* 
frets of Nitrogen Oxides, ACS/CSJ Chemical Congress 
1979, American Chemical Society, Chemical Society of 


Recently, concern over (he effects of indoor ex¬ 
posure to lesser concentrations of NO** both re¬ 
peated short-term peak exposure and continuous 
low exposure* has led to studies of children (2) 
and housewives (3) but with inconsistent results. 
Melia and co-workers (2) from Great Britain re¬ 
ported higher rates of lower respiratory disease in 
school children living in households with gas 
cooking stoves than in those living in households 
with electric stoves. These differences in rates 
could not be explained by social class or differ¬ 
ences in household sire. However, this study did: 
not take into account the smoking habits of the 
parenis of these children. Subsequently, Melia 
and co-workers (4) found that households with 
gas cooking stoves had 7 times higher concentra¬ 
tions of NO* in the kitchen than did matched 
households with electric cooking devices. Similar 
studies In the United States found concentrations 


Japan, Honolulu, Hawaii and at American Thoracic 
Society Meeting, May 1979, Las Vegas, Nevada. 

4 Requests for reprints should be addressed to Frank 
E. Speller, M.D., Department of Physiology, Harvard 
Schoollof Public Health, 66« Huntington Ave.* Boston, 
Mats. 02115. 
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of NO, 4 times greater in kitchens of households 
with gas stoves than in those with electric stoves 
(5). The NO, appears to be produced by the oxi- 
-daaon of NO when natural gas as a fuel for cook¬ 
ing is burned in the atmosphere. The conversion is 
rapid, and the NO, spreads quickly throughout 
the house. In contrast to the Mclia study of chi!; 
dren (2), a study of adult women living and work¬ 
ing in household* with gas stoves compared with 
those living and working in households with elec¬ 
tric stoves did not show increased respiratory dis¬ 
ease rates (3): 

The results reported here were obtained as part 
of a long-range prospective study on the health ef¬ 
fects of exposure to ambient levels of pollutants 
resulting from the burning of fossil fuels. In this 
study, adults between the ages of 25 and 74, se¬ 
lected at random from 6 communities in the east¬ 
ern United States, aic seen every 3 years, and 
school chiidtcn(initially seen in grades 1 and 2) 
are seen annually. This report is based on the ini¬ 
tial measurements of pulmonary function and itir 
formation on respiratory diseases obtained in the 
children only in the 6 cities and relates these meat 
surements to the potential indoor exposure that 
these children have received. 

Methods 

Study design. A total of 9,210 children participated In 
the initial surveys. These children represented 12 sepa¬ 
rate cohorts from 6 cities. Two chits were surveyed for 3 
years, and a new group of first-grade school children 
was added each year. Thus, these cities provided 6 co¬ 
horts. Two cities were surveyed for 2 years giving 4 
more cohorts,and 2 cities were surveyed once. In all the 
cohorts, more than 9$ * of the children eligible because 
of their school grade were studied. 

Information about the children*! exposure was ob¬ 
tained from a questionnaire, completed by their 
parents, on the type of home-cooking device and home¬ 
heating fuel; the presence or absence of air condition¬ 
ing, and the presence or absence of adult smokers living 
in the household, as well as requesting per minion to 
perform lung function tests on the children In the 
schools. 

Forced expiratory measurements were performed 
using a water-filled low-inertia recording spirometer. 
The children did not wear nose dips and performed the 
task in a sitting position, but with free movement possi¬ 
ble. Each child had a minimum of 5 and a maximum of 
8 attempts in an effort to obtain at least 3 acceptable 
tracings. Forced vital capacity (iFVC) and forced expira¬ 
tory volume In I second (FEV,) were read from each 
tracing. Values were corrected to body temperature and 
pressure saturated with water vapor (am) and sunv 
ntari/cd as the mean of the 3 best efforts that were 
within 170 ml of each other. Standing height In stock¬ 
inged feet and weight were recorded for each child. 


There were 8.8*6 children (95.5 % of the total seen) 
who were between 6 yrs and 10 yri of age at the time of 
their initial survey, but the sample was reducedito 8.120 
children by limiting the analyses to white children. 

For each child included in the study, the lung function 
predicted for his or her height was computed from a re¬ 
gression equation determined by using the children 
studied in the third year of foOow-ttp from 2 nf the 
cities. These children, who were at) within the 3 to 95 
percentiles for their height corrected for «ge, were 
chosen for the standard as they provided sufficient 
numbers at each year of age between 6 yrs and 10 yr* 
(6). The difference between the observed king function 
and the predicted value was obtained. These residuals 
were ana tyred using standard analysis of variance 
techniques. 

The reported disease rates were analyzed using log- 
linear models. By this means it was possible to deter¬ 
mine significant interactions between disease, age, sex, 
cohort, city, and home variables. Adjusted rales were 
computed based on models that included the significant 
interactions (?). 

information regarding the differences in air quality 
associated with different cooking devices was obtained 
by setting up indoor-outdoor monitors in selected 
households. These households were not necessarily the 
homes of children in the study, but were selected to be 
representative of the kinds of living patterns found in 
each community. The homes were sampled every sixth 
day for 24 h, and the same time period in each city* May 
1977 through April 1978. was used In all analyses. Mea¬ 
surements were carried out by a household sampling 
unit, which was placed In an "activity room," a room 
specifically defined at not being the kitchen or bed¬ 
room. Mass res pliable partlcu lairs (mass median diame¬ 
ter of 3.5 pm) were collected on milliporc filters (8), and 
NO, was collected by a bubbler technique and measured 
by the EPA Reference Method, a modified sodium ar- 
senltc method (9). 

The data on air pollution levels were first adjusted to 
take into account missing vaNies using a linear model 
for day of observation and site. The Influence of home 
variables was determined by analysis of variance, with 
appropriate adjustment of the residual degrees of free¬ 
dom. In one household, instantaneous peak levels of 
NO, were monitored lin the kitchen within 3feet of a gas 
stove using a chemiluminescence monitor and a continu¬ 
ous recording. 

Roautta 

Assessment of exposure to NO*. About half of the 
homes in all 6 cities had gas cooking stoves, and 
•bout half had electric cooking stoves. (Sixof 
the homes used some other form of cooking de¬ 
vice, alone or in conjunction with gas and/or elec¬ 
tricity |t.9 *h] t or else the type of cooking device 
was not reporied |4,l %).) There were, however* 
considerable differences between cities (figure l)i 
The distribution of the children by home cooking 
device ranged from a high of 82.2 % gas cooking 


J 
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CD-Got 
Ml'Electric 

Fig. I: Percentage of homes with gat or electric Mom, by cities. 


stoves in St. Louis to a low of 4.6 V# in Kingston* health were available: data on previous illnesses 
Hardman (figure I). reported on questionnaires completed by parents, 

Although the number of homes where air qual- and data from the current pulmonary function 

ity measurements were made is not large, ranging tests. The responses to 3 questions about the pre- 

bet ween 5 and 11 for different cities, the number vious health of the children were analyzed. The 

of 24*h periods for which; matched indoor and questions asked if there was a history of bronchi- 

outdoor data arc assailable is several hundred (la- tis diagnosed by a physician, a history of serious 

blc I), The homes were divided between gas and respiratory disease before age 2, and a history of a 

electric cooking devices, except for Kingston-Har- respiratory illness in lltc last year, 

riman where no homes withi gas stoves were Both the responses to these questions and the 
studied. The results show a gradient of NO* levels pulmonary function measurements were tested for. 

in homes with eketrie stoves that reflect outdoor their relationship to several household variables: 

sources of NO*. High concentrations in Water- type of cooking device, nature of fuel used for 

town were presumed to be caused by the proxinv heating, presence of adult smokers, presence of 

tty of homes, and therefore the monitors, to auto- air conditioning, and socio-economic status of the 

mobile traffic. A substantial increase in NO, levels family. Socio-economic status included both oc¬ 
tal Homes wiih gas stoves, except for Steubenville, cups I Ion and cdueationul attainment of the 

reflects the addition of indoor sources to tlic out- parents. 

dbor level ofNO,..These are 24-h integrated aver- The 3 reported disease rales were analyzed by 
ages collected i in an "activity room,” but not in ruling log-linear models (7). Two of the variables, 

the kitchen. In some cities the daily 24-h levels en- type of home-heating fuel and air conditioning, 

countered in some households with gas stoves ex- were not related to the disease rates. The social 

cecded the federal standard for the annual average class, parental smoking, and type of cooking 

of the 24-h NO, IbvelsdOOfig/m'), Such levels for stove variables had differing effects cm the 3 dis¬ 
integrated 24-h values indicated that peak expo- eases when each home variable wa* tested alone 

surcs must be substantially higher. This was con- (table 2). As the risk factors ihcmsHvcs were inicr- 

firmed in I household in which instantaneous related, each discan-was evaluated In another log- 

monitoring; in the kitchen produced peak levels linear analysis that included ihcsc 3 home vari- 

over 1,100 fig/m' for short periods of time when ablcs simultaneously. Ih this multivariate analysis, 

Ihc oven was in use and peaks over 500 yrg/n»* the effect of the type of cooking stove had a slg- 

when a single gas burner was on (ifigurc 2). nificant association with respiratory disease be- 

Healih data. Two sets of data on the children's fore age2, but not with the other 2 reported dll- 
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TABLE 1 

INOOOR AND OUTOOOfl 24 M LEVELS OE NO, IN 0 U S CITIES 
CM AY 1977 TO APRIL 1078) 

Horn* Geomatrlc U««n Laral of NO, 95 Parcand*# Maaiured Laval of NO, 

Cooking 

Units -'—. ... ..1- 

Outdoor Indoor O utdoor I ndoor 

Days trie Oas 


City 

Ifio) 

(flO) 

tw.) 

Electric 

Oat 

Electric 

Oat 

E*aetrlc 

Oat 

EJactrtc 

Oat 

Porlaga* 

90 

0 

9 

7* 

(t.»)» 

66 

(1.10) 

36 

a«3) 

147 

(103) 

310 

254 

170 

394 

Tdpaka 

57 

6 

1 

1 7A 
W-W 

104 

194 

(140) 

3U 

424 

40.7 

410 

730 

Kmgiicxv 

Har nman 

56 

0 

— 

17* 

IIW 

*"■ 

10.9 

(1.43) 

* 

30J4i 

- 

290 

- 

St Lout* 

58 

3 

6 

330 

(1.17) 

374 

(114) 

17.1 

P01| 

4016 

(1.42) 

0441 

709 

034 

794 

Sicubarwma 

61 


3 

3S7 

<».oo» 

333 

1145) 

41.9 
(2. 39)i 

274 
(244) 

62.9 

•70 

744 

103.9 

WateMOwn 

59 

2 

5 

4t.1 

(1.4J) 

494 

(MO) 

41.43 

(1.14) 

544 

(141) 

1010 

1004 

954 

1194 


• Bun a* lO iwrtH unN 
I ?•*»*•« 74 M tt*nd*«d • fCO aorm 1 

t Nvfnban m at gtomt tr k standard d art att ons. 


m»« (inhlc 3). gww Mil smoking, sex of the chW, 

Owfinepfint^, 

-l*(ftefoted srtth mpbatory#x&»e 

ttkn «lm vwI«Mh were taken Inter 
fcmmt. 6 Disease raiev adjusted for paternal 
smoking. social class, and city-cohort resulted in a 
difference of 35/11000 among males and 30/1,000 
among females between children in homes with 
ddlercnt cihsLing sinscs, I .own rates were found 
inichdilren of households with electric stoves for 
caclt scs in each city-cohort adjusted for parental 
smoking and ssKial class (figure 3). The effects of 
p.ocnial vnioking and city-cohort on respiratory 
disease More age 2 are not independent, but the 


effect of the type of cooking stove appeared to be 
related to the other home variables. 

To assess the effect of home factors on pulmo¬ 
nary function in these children, the difference be¬ 
tween the expected and observed FVC and FEV, 
was calculated for each child. The effect of cohort 
(yr of study and city) and the same home variables 
on the residiial pulmonary function were assessed 
by analysis of variance. Preliminary regression of 
lung function on socio-economic status showed 
no relationship. There was a significant effect tp 
< .01) of cohort on both FEV, and FVC.. Thus, 
from city to city and from year ro year there were 
differences in the height-adjusted pulmonary 


O»«o an Own »ti lurMt 



five 


1 1 * 2 IfivLiiiMiirtnivmiAiiititrifig; of NO* in thr kitchrn I meirr from givMmc. Numbers alonf ihc 
♦rbvsix^j icjvrvcm lu in the ilay l humph I A.M. No venting «avt<*d. 
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TABLE I 

SINGLE FACTOR 000 RATIOS (OR) ANO W% CONFIDENCE UMTS (CL) 
FOR HOME VARIABLES AND RERORTEO DISEASE RATES 


... . ... . : t . ^.s,^ 

... . r*‘v 

. Bodai Class 

Him til 
tmuftlng 

-Noma Cooking 

poolPaoirM; 

History «l doctor- 

" ''OR 

' --'yr-tMt 

■»» 


diagnotad bfoncMtlt 

CL 

J6-1.09 

jM-ue 

.70-001 

Sariout rttpiralory 

on 

1.13 

1*32 

1.12 

Klimt bafort age * 

CL 

ijoi-ue 

1.12-1*7 

1JOD-IOS 

Attpirtlory lllimt In tha 

on 

1.13 

1.19 

004 

Italy tar 

CL 

IjOS-1.22 

1.02*1.39 

•40-109 


function levels in these children, after adjusting 
for city-cohort effect*. There were no significant 
associations between the ptesence of air condi- 
lioniiift in the home and lung function measure¬ 
ments (table 4). Although the association between 
parental smoking and FVG was significant at the 5 
V* level, with an average range of IS ml, the result 
was the opposite of that anticipated! and there 
was no association between FEV, and parental 
smoking. Home heating and FEV, residuals were 
also significantly associated at the 5 4b level. The 
over-all means covered a 28-ml range and the or¬ 
dering front low to high was oil, gas, electric. 

Although FEV, residuals were affected by 
home heating fuels, the most consistent and sig¬ 
nificant Finding was the lower levels of both FVC 
and FEV, in children whose homes had gas cook¬ 
ing stoves compared with those whose homes had 
electric stoves..The over-all effect of home cook¬ 
ing, after correcting for cohort effect, was 16 ml 
and 16 mil respectively, for FEV, and FVC. This 
effect is apparent in almost all the cohorts. For 
FEV, in 10'of 12 cohorts, the children in homes 
with gas sioses had lower function than children 
in homes with electric stoves (figure 4). For FVC, 
only I of ihe cohorts (St. Louis, first /car), did 
not show lower levels of pulmonary function in 
children living hi homes wiih gas stoves compared 
sviili those living in homes -stilt electric stoves 
(figure 4). An unexpected finding in these data 


was the low level of pulmonary function measured 
in Topeka, which is a 1 city with generally lower 
levels of amhicm pollution! Ill an attempt to 
investigate this finding, we tested the effect of dif¬ 
ferent interviewers, we reread the spirometer trac¬ 
ings to lest the effect of readers, and we comparcd 
the values obtained on each spirometer by month 
of study to test the possibility of a defective ma¬ 
chine. None of these tests explained the lower pul¬ 
monary function values. In addition, the distribu¬ 
tion of height for age of the children in Topeka 
did not differ significantly from the other cities. 
We were thus left with the observation that the 
pulmonary function measurements in the children 
in Topeka were lower than in other cities and 
must assume that It was a cohort effect needing 
further study. 


Discussion 

The significant associations found In this analysis 
were between home cooking stoves and both ill¬ 
ness history and lung function, in addit iocyihcir ' 
was an association between parental smoking nap 
disease history'?"The importance of these findings 
rests with the interpretations of these significant,, 
albeit relatively small* changes. Sufficiently large 
groups are being studied to observe minor dif¬ 
ferences between them. Hie size of the differences 
found was consistent with the anticipated m.igni 


TABLE 3 

VALUES OF C" FOR SPECIFIED DISEASE RATES FOR EACH HOME VARIABLE 
AFTER ADJUSTING FOR THE OTHER TWO HOME VARIABLES 

Social CUst Parental Smoking Horn*Cooking 



G* 

P 

O' 

P 

G* 

P 

Misiofyof doctor diagnosed bronchitis 

0 70 

NS 

1.10 

NS 

1.90 

NS 

Serious respireiory itlnets before age 2 

4 12 

<05 

1021 

<01 

670 

<01 

Respiratory illness In the laat year 

212 

NS 

438 

<05 

0.14 

NS 


• ti* iviiMbRi.hood BUnttic horn th« log itn#*i amirin end it c tnbuted. mooch coao irk* a ,cm 
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Flf. J. Rnpiuiory lUness before age 2 standardked f« parental smoking and social class by cohort* In 
children «to 10 yn old. Maks and females separately by cohort and gas or electric stoves. 


tude of effret of environmental agents (I I), and 
the home measurements of air quality are suppor¬ 
tive. 

The evidence that homes with gas cooking 
stoves have higher levels of NO. than similar 
homes with electric stoves has been demonstrated 
a 1 number of times (4, 5). and peak Icvcli mea¬ 
sured; over gas stoves have on occasion been re¬ 


ported lo reach approximately I ppm (1,880 
fig/m') for periods of 10 to 15 min. This was con¬ 
firmed in I household during continuous moni¬ 
toring. Similarly we know from both our own in¬ 
vestigation and from the studies of Hinds and 
associates (12) that the mass respirable particulate 
loads in households with smolcts can he seseral- 
fold higher than in nonsmoking households. 
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TABLE 4 


ANALYSIS OF VARIANCE Of CHILDREN'S LUNO FUNCTION FOR HOME VARIABLES 
(CITY-COHORT AOJUSTEO)* _ 





Lung Function Residuals 



Children 

FEV. 


rvc 


Homo Variable 

(«o) 

mo 

f Hello 

t«#o 

F Hello 

Cooking fuel 

6603 


— 

— 

— 

0« 

3,274 

-.006 

61lt 

- .009 

f..t4 ^ 

electric 


4.006 

4 .000 

Home fuel 

6,734 





oil 

1,419 

- .011 

3 

- .005 


0M 

4.432 

♦ *001 

-.005 

076 

electric 

663 

4.017 


4.010 


Air conditioning 

7,126 

— 


- 


none 

2.655 

• 001 


- 002 


perliei 

2.363 

4.003 

0611 

4 006 

1*22 

cenlrel 

1,006 

-.003 


-.004 


Peienul smoking 

6.642 

— 


- 


none 

1,7241 

- 001 

03 

- oil 

6?6< 

some 

4,116! 

4 ooc 

♦ 004 
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01 
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Fi|. 4. Forced expiratory volume In 1 » and forced vital 
capacity rnhlualt by cohort and gat and eketrte Moves in 
children 6 to 10 w old. tNumbers under the FEV, values 
are the same for FVC values.) 

Other factors affecting the association between 
the disease und either the presence of gas stoves or 
smoking in die household seem to have been ex? 
chided!(e.g., socio-economic status, presence of 
air conditioning, and the type of heating fuel). 

Ih considering the importance of these findings, 
a number of potential sources of bias must be 
evaluated. The questionnaire information on 
disease rates for an individual child depends on 
the recall ability of the parents, and it may be 
biased by the present status of the child; The 
responses also may be biased by the parents' lack 
of knowledge. No attempt was made to huve doc¬ 
tor con fir nun ion of diagnosed disease confirmed 
i ml ct Hind cntl). It seems unlikely, however, that 
any biases introduced by these means: would be 
related to the type ol home cooking stove consis¬ 
tently fan each.city and cactiicohort: 

flic gtHHl t espouse rate., and the suriling plan 
that eiisiitcs that all potentially available children 
arc seen means that the samples are representative 
of the cities. 

The pulmonary function datai are potentially 
subject to different sources of bias than the ques¬ 
tionnaire data. These include possible interviewer 
bias, malfunctioning machine, and biased reading 
of the spiiioim-tci tracing. All these sou ices of bias 
have been looked lot ami tune not been found. In 


any case, neither the field serrenen nor the 
readers were aware of the individual child's home 
environment when the spirometry was performed! 
or when the tracing? were read. Thus, we cannot 
attribute any bias to association with home vari- 
Abies. 

Essentially, the interpretation of the pulmonary 
function finding iclatrs to the sensitivity of the 
measurement and the biologic expectation of the 
magnitude of anticipated effect In a group of chil¬ 
dren between 6 yrs and 10 yrs of age. Wt used 
FEV, as a measure of air (lowobstruction In these 
children, not because we believed it to be the best 
measure of early obstruction, but because our 
plan is to follow these children osier several yean. 
After several years they will be at a point at which 
a stable estimate of change in pulmonary function 
can be related to our understanding of the devel¬ 
opment of adult obstructive airways disease. In 
these children, many of whom can empty their en¬ 
tire FVC in less than 2 s, the FEV, docs not mea¬ 
sure obstruction as much as it measures FVC. 
Thus, it Is reassuring to find simitar changes in 
both measures when trying «o understand the sig¬ 
nificance of any given finding. 

Our understanding of the biology of hing 
growth and the nature of the onset of obstructive 
lung disease in adult life lead u* to believe that 
only minor difference in the rate of functioning 
lung growth in young children could lead in these 
children not reaching their full adult lung size. 
(We arc using FVC av a etude indicator of lung 
sire recognizing that the TEC includes not only 
FVC but also the residual volume, which Is not be¬ 
ing measured in these field studies.) We do not 
know whether failure to reach full adult lung size 
is related to the subsequent susceptibility of devel¬ 
oping obstructive lung disease, but it is not an 
untenable hypothesis that those persons with 
minor impairment ol total lung growth are mote 
susceptible to rapid decline in pulmonary function 
in adult life (13). 

These results differed from those reported ill 
the literatim e to dine; only ini modest ways. The 
findings oti Mi*lta: aiul! lo uoikeiv <21 regarding 
lower twpitatoty duel illness tales in cluUhcn 
whose homes liusc gas stoves were simitar. I hat 
study wav criticized because it did not have smok¬ 
ing data. In this study the adjustment of rules of 
illness before age 2 for smoking led to a clear 
association with gas cooking devices; however,, 
the adjustment of tlicothet 2 historical disease in 
dieatorv reduced the assentations found, The 
study of Keller and associates (14) nfhoth adults 
and children in a selected sample of households 
suggest no uv.<>ciutioii of gas stoves with icsptia- 


Source: https://www.industrydocuments.ucsf.edu/docs/tgnxOOOO 
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liny iIiscj m*' ratc v Tim study measured incidence 
of acme respiratory disease over the course of I 
year; hut the number of children studied was quite 
small and clearly did not represent a general popu¬ 
lation! BiHihiivs and co-workers (15) did study 
population-based samples of children and adults, 
hut out of the 7,0(10 persons studied only 165 
children bet ween the apes of7 yrs and M yrs were 
included from flic 2 communities under investipa- 
Iron (16>. Thus* the fact that they were unahle to 
find an association with home cooking devices 
may he attributed to the small number studied. 

Taper and associates (17)j using a different indi¬ 
cator of airways obstruction (mid-maxjmum ex¬ 
piratory flow), found an association between the 
pulmonaty function levels in children and the 
number of smokers in the household. No such 
association using HiV, was found in this study. 
This may tncatv that the airways obstruction 
measurement was insensitive. 

Further follow-up of these cohorts are under¬ 
way. lUvatise these data deal with retrospective in¬ 
formation* the initial findings reported here need 
replication to ensure that some subtle bias or 
alternative explanation for the findings has not 
beenuser looked. If The relative position of these 
children's lung sj/cs changes on repeated assess¬ 
ment, n w ill he important to assess the factors that 
influence the change. These (actors may include 
changes in ambient pollution (outdoor levels) or 
changes in personal pollution (indoor exposures 
and cigarette smoking). In addition, other per¬ 
sonal factors such as frequency of respiratory in- 
Icctions, familial history of disease, or other 
recogm/ed potential risk factors for developing 
chronic obstructive respiratory disease not dis¬ 
cussed in this report will need to be considered, 

.’liXmmi/iWjcweftr 

I he HtticM MiHikt like to thank the local school super¬ 
intendent*. die principals, and the teachers who allowed 
uvinio their classroom*; our field team* led by C. Mum¬ 
ble. II (ate. and S Hancock; I). Dockery fort he in* 
disM tmniintiing; out orftee coordinating staff 

led In S Puleii Abo 1. Weerier. M. I cvenMfm. ami I). 
i»hck*tH'fg tor technical computing assistance, ami III. 
Taplm ami M Maori* for scvielamal and editorial sup- 
poll 

Ralarancet 

1, I own I. Svlmmjn I M, Stlb litlc,r*s disease: a syn- 
duMtic caused by nitrogen dioshte. JAMA 1956; 
162:151 I Wl. 

2. Mel i.i K JW . Mines C Du V, Altman DS. S*an AY, 
A s*i km iion lietwecn g.i* umling arid respiratory 
disease m child ten Hr Med I 1977; 2:149*152. 

X Keller Ml). I anesc KK. Mitchell! R|, Cott R\V, 


Respiratory illness in households using gas and elec* 
tricily for cooking. I Sunt) of incidence. Environ 
Res 1979; 19:495-50* 

4. Metia RIW, Florey C Du V, Darby SC, Palmes ED. 
Goldstein BD. Differences in NO, lesrlsm kitchens 
with gas or electric cookers. At mot Environ 1971; 
12:1379-13*1. 

5 Wade WA III. Cote WA* Yocum JE. A study of in¬ 
door air quality. J Air Pollut Control Assoc 1975; 

25:933-939. 

6. National Center for Health Statisticv. The monthly 
vital statistics report: National Center for Health 
Statistics Growth Chant. Rockville. AID: National 
Center for Health Statistics, 1976. (Vital statistics 
report 25(3), Supplement June 22. 1976.) (DHEW 
publication IHRAI 76*1120.) 

7, Bishop VMM. Ftenberg SE, Holland PW. Discrete 
multivariate analysis: theory and methods. Cam¬ 
bridge: MIT Press. 1977: 

5. Dockery IIW, Speugter III; Personal exposure to 
respirable particulates and sulfates: measurement 
and prediction. Chapel Hill: Workshop on the De¬ 
velopment and Usage of Personal Exposure Mon¬ 
itors for Exposure and Health Effect Studies* 
January, 1979. 

9. Beard ME, Margeson JtlL An evaluation of af senile 
procedure for determination of nitrogen dioxide in 
ambient air. Research Triangle Park, NC: U.S. En¬ 
vironmental Protection Agency. 1974. (EPA-650/ 
4474-041.) 

10. U.S; Environmental Protection Agency. National 
primary and srcondar> ambient air quality stan¬ 
dards Nitrogen Dioxide Measurement Principle and 
Catibraiion Procedure. Fed. Reg. 1976; 41:32686- 
52695 ; 

III. D.S. Dept. Health, Education, and Welfare. 
Human health and the environment: some research 
needs. Washington DC: U. S. Government Printing 
Office, 1977. (Dlll-'W publication no. NIH 77^ 
1277.) 

12. Hinds WC, First MW. Concentrations of nicotine 
and tobacco in public places. N Engl J Med 1975; 
292:844-845; 

13. Spet/cr FE; Tager IB. Epidemiology of chronic 
mucus hypersecretion and obstructive airways 
disease. Epidemiologic Reviews 1979; 1:124-142. 

14. Keller MD, I enese RlK, Mitchell HI. Cote RW. 
Respiratory illness in households using gas and elec¬ 
tricity for rooking. It, Symptoms and objective 
finding*. Environ Res 1979; 19:504-515. 

15. Ilbiilmys A, Beck Gl., .Schoenberg JH. Do present 
level* of air pollution outdoors affect respiratory 
hrallh? Nature 1978; 276:466-471. 

16. Mitchell CA* Schilling RSI , llouhuys A. Com¬ 
munity studies of lung disease in Connecticut: 
organisation and methods. Am J Epidemiol!976; 
103 : 212 - 225 ; 

17. Taper IB, Weis* ST, Rosnrr II. and Spciw, I E. Ef¬ 
fect of pAicrttal vigatctte smoking: on the pul¬ 
monary function of children. Am J Epidemiol 
1979; MO; 15 26 


I 

j 

I 


i 


Source: https://www.industrydocuments.ucsf.edu/docs/tgnxOOOO 


2023379647 



Source: https://www.industrydocuments.ucsf.edu/docs/tgnxOOOO 















Lebowitz, M.D., Armet, D.B., Knudson, R. "The Effect Of Passive 
Smokingi On Pulmonary Function In Children" Environment 
International 8: 371-373, 1982. 

The authors of this study conducted an investigation of 
ventilatory function in 344 nuclear families in a representative 
population sample in Tucson, Arizona. Household aggregation of 
body mass was investigated as a possible confounding factor in the 
reported association between impaired lung function and parental 
smoking. The authors report that "when household aggregation of 
body mass was taken into account, there was no relationship of 
children's pulmonary function values to parental smoking." The 
study concludes with the statement that "[i]t must be concluded' 
that passive smoking in the family, usually due to parental smokingi 
habits, does not seriously affect permanent markers of respiratory 
disease such as pulmonary function." 
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li THE effect of passive smoking on 

j PULMONARY FUNCTION IN CHILDREN 


Mictiael D. Lebowitz, David B Armet, and Ronald Knudson 

pws«n o< Respiratory Sciunc**. Wtztand Rmarch laboratories. Arizona Health Sdanoaa Center. 

Tueson. Arizone 65724. USA 


A aady ef vcmDatory Amction vu conducted in 544 audeer (amities in a rapmentativt community 
yepubiion temple in Tucson, AZ. Household etfrefetion of pulmonary function, which is dependent on 
leasehold atpetation of body mass, might affect the relationship of children's pulmonary function so 
yrtmsl smoking. When household auretation of body mass was taken into account, there was no rtla- 
■ieaship of children’s pulmonary function values to parental smokinf. The trend, fat the opposite ditec. 
aea. was sbnHar to that found by Speiier ft al. (IMOa), but was not significant b> this study. A must be 
concluded that passive imofcinf in the family, usually due to parental smoking habits; does not seriously 
affect permanent markers of respiratory disease such as pubnonary function. 


Introduction 

There has been some controversy surrounding the issue 
of whether passive smoking in households effects the 
respiratory health of children (NRC, 1981). Some in¬ 
vestigators have reported that childhood symptom rates 
appear related to parental smoking, whereas others dis¬ 
agree. However, h is better to utilize pulmonary func¬ 
tion to determine this effect, inasmuch as symptom 
seponing may show tendencies for parental biases 
(Ccderlof: and Colley, 1974; Lebowitz and Burrows, 
1976; Schilling et al., 1977). One study by Tager ef al. 
(1979) i showed the effect of parental smoking on FEV, 
utilizing Z scorn. A similar analysis from the same 
laboratory in six other, different populations (Speizer 
ere/., 1980a): showed opposite results. Tager el al. 
(1976) also showed that there was household aggrega¬ 
tion of pulmonary function vahies, which might influ¬ 
ence such a relationship, -ibis study has demonstrated 
dbc relationship of active smoking to ventilatory impair- 
v«ent (Knudson el «/., 1976; Burrows «r«f., 1977), ai 
•■has been found by others.’ 

This paper attempts to examine the effects of paren¬ 
tal smoking on children’s pulmonary flow and volumes 
after correcting for any familial aggregation of ven¬ 
tilatory function, and body size. 

Methods 

The Tucson Epidemiological Study of Airways Ob- 
stmetive Diseases, which provided the data base for 


these analyses, has been described previously (Lebowitz 
ei a!., 1975). Briefly, h is a multistage stratified cluster 
sample of white non-Mexican-Americans in the Tucson 
area, where stratification was on age of head of house¬ 
hold and on social status. Of the 1655 families studied 
(approximately 3800 individuals), families with children 
biologically related to the parents were chosen; these 
represented 344 household* and about one-half of the 
population (1400). lit the first year of this study 
(1972-1973), pulmonary function tests bad been 
satisfactorily completed on over 90ft of those age d and: 
over using techniques previously described (Knud ton 
et el., 1976). Smoking habits in adults have been de¬ 
scribed previously (Burrows et al., 1977); they are 
similar to those found elsewhere and cover the whole 
range of amount and duration of smoking. 

These nuclear families were divided also into parent- 
child, spouse, and sibling pairs, the former using oldest 
children, by sex. Z scores (standard normal deviates 
Z, * (x</ - for I individuals and j age-sex 
groups] were calculated for forced vital capacity (FVQ, 
forced expiratory volume in one second (FEV,); maxi¬ 
mum flow at 50ft of the vital capacity ( PfeK), and 
maximum flow at 75ft of the expired vital capacity 
( T’Bil). within each sex-age group represented in'the 
parent-child pairs. The 2 scores were used in analyses 
of variance to correct for genetic components of body 
mass in pulmonary function parameters and to detect 
relationships between parental smoking and children’s 
pulmonary function. 


J7I 


Source: https://www.industrydocuments.ucsf.edu/docs/tgnxOOOO 


OS964CC202 



I 

372 


M.D. Lcbowiu, 0. B. Aram, and R. Ksmdsae 


Mosi bouses in this study, us detennined by survey, 
are 1800-2400 ft\ not more than 20 years old, have 
typical 8 ft ceilings, have screened windows, and have 
central heating and air cooling (usually with filters for 
""both systems): They are kept relatively closed in summer 
and winter, but are somewhat more open in spring and 
fall. Air exchange rates have not been measured in this 
study, but: are estimated using published information 
(NRG, 1981) at between 0.4 and 2.0 per hour, depend¬ 
ing on season and use of forced air systems, Indoor 
pollutant levels were not measured in all of these houses 
as pan of this study. Infiltration of suspended par¬ 
ticulate has been measured in about 41 houses (Lebo- 
witz et at., 1982) and is low, though indoor generations 
is not. Carbon monoxide (CO) indoors and out has 
been also measured (Lebowiu et ah, 1982) and are low 
as well. The use of types of stoves has been measured in 
only some families (Lebowitz et at., 1982). Outdoor 
levels of particulkte alone are high in this area, but it is a 
silica quartz particulate. Nitrogen dioxide and CO are 
variable, but not in excess of NAAQS (Pima County, 
1981). 

Results 

it was found that there was a household aggregation 
x»f pulmonary function values and of body size. Body 
size is the key determinant of ventilatory function values 
(Knudson et at., 1976). When the household aggrega¬ 
tion of body size was corrected, there was no household 
aggregation of pulfnonary function that was still signifi¬ 
cant. Therefore, all pulmonary function values were ex¬ 
pressed as percent predicted where the children's predic¬ 
tion equations .use their own body size values, their age, 
and the body size values of their parents. Body size 
values used included height, weight, sitting height, and 
the pondera! index (H/W 1/3). Parents' pulmonary 


function values were expressed as percent predicted, 
where the prediction equations used: their body site 
values and their ages. Z scores were then calculated 
from these percent-predicted values for the age and sex 
groups (see above). 

^Analyses of p ar ent-c h ild. Spouse, ind sibling purs. 
fty the smoking habits of the family mentors did aoi 
r -«how any significant correlations of passive smoking 
furith pulmonary function: This was true whether chil¬ 
dren’s smoking or not smoking was accounted for, and 
was also true regardless of whether the parents bad ait- 
way obstructive disease or abnormal pulmonary func¬ 
tion tests. It was also independent of family size. 
Analyses of variance were performed I for the children's 
pulmonary function test values by smoking in the 
household, by whether both parents smoked, or 
whether the mother smoked, father smoked; or neither. 
The total number of nuclear families was reduced to 271 
when both parents and all the children aged and overin 
the household had satisfactory pulmonary function data. 
As can be seen in Table 1, none of the results wee 
statistically significant. Analysis by amount of parental 
smoking yielded similar results. 

In subsequent years of this study, further symptom 
information and history was collected! Analysis of these 
data in relation to passive smoking, using previous 
methods (Lebowjtz and Burrows, 1976), indicated no 
relation to present or past symptoms, including persis¬ 
tent wheeze or early childhood lower respiratory tract 
illness. Further analysis awaits collection of more longi¬ 
tudinal ventilatory function measurements on the chil¬ 
dren. 

Discussion 

The effects of similar pollutants (specifically NO>. 
CO) from the use of gas stoves on children's and adulu* 


Table 1. Child rtn’i pulmonary funaiem by parental Hnokiits In nuclear familio. 


FEV, (Z-aeort)* FVC (Z-teore) 


Parent*] Smoking 

m 

Mean 

SD** 

Mean 

SD 


Neither smokes 

41 

—0j121 

0.993 

-0.062 

0:997 


Mother mokes 

33 

-0j157 

0.112 

-0.137 

0*25 


Father mokes 

92 

—0.042 

0.970 

-0.059 

0.913 


Both smoke 

96 

+0J232 

1.059 

+0.116 

1.062 


Total 

271 

0.026 

0.996 

0.0111 

0:968 


AMOVA: 


p m 0.0796 


p m 0.1796 


W 



f'JS* (2-score) 

(2+core) 

© 

Neither smokes 

41 

-0 160 

11194 

-OjC75 

1.036 

4V 

Mother smokes 

35 

—0.M7 

0.641 

+0.004 

0.666 

w 

Fa her smok es 

92 

-0174 

0.945 

-0173 

1.011 

CO 

Both moke 

96 

+0.150 

0.985 

+ 0.202 

0.972 

-\} 

Toul 

271 

-00002 

0 998 

-0.0001 

0.998 


ANOVA: 


p m 0.2443 


p m 0.072 


05 

•See text for explanation. 






CA 

**SD ■ Randard deviation. 
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Ttympioms and pulmonary function were explored tep- 
arately, inasmuduM previous studies indicate such 
potential 'effects (Speizer elal., 1980b; Comstock era/., 
1981). In a substudy, gas stove use was related to acute 
symptoms only. Analysis in relation to chronic lung 
disease and ventilatory function had been performed on 
the total population of 1655 families; gas stove usage 
was not related to these measures of disease (Lebowitz, 
1977). In that same study, it was shown that ambient 
outdoor particulate matter was slightly related to those 
measures of disease, but household size and type of 
house were not (after controlling for socioeconomic 
status). Socioeconomic status has little independent 
contribution to pulmonary function (or disease) once 
more important factors are considered, such as active 
smoking (Lebowitz, 1982). Thus, these other factors 
were not part of the analyses reported herein. 

It is possible that correction for family body size con¬ 
cordance is not always necessary (Schilling ei al„ 1977; 
Speizer era/., 1980a, 1980b). The presence of persistent 
symptoms, such as wheeze, may be important in some 
populations (Weiss er e/., 1980), but were not in this 
population. However, consideration of fuel used for 
besting and cooking is necessary, especially when pas¬ 
sive smoke appears important (Speizer er «/., 1980a, 
1980b); Comstock ere/., 1981; NRG, 1981). Results, 
especially its lower socioeconomic classes or in develop¬ 
ing countries, could be misleading otherwise. On the> 
other hand, there still may be an effect of passive smok¬ 
ing, even when accounting for other exposures, in some 
circumstances and/or sonxootnmunhies, dependent on 
cnvirmmental circumstances, home ventilation fkctors, 
anti social class. 

A more extensive discussion of these factors and their 
interactions can be found in the National Research 
Council report (1981) and in an editorial by Frank and 
Lebowitz (1981). 

ArtnoWrtfrmKflr-Thh wort ww supported by NHLB! SCOR 
OriroNo. HU4136. 
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National Institutes of Health, "Report of Workshop on Respiratory 
Effects of Involuntary Smoke Exposure: Epidemiological Studies", 
December 1983, pp. 1-11. 


SUMMARY: The 1979 Surgeon General's Report on smoking and health 
presented the available scientific evidence that links involuntary 
cigarette smoke exposure (passive smoking) to adverse health 
effects. Existing evidence suggests that children of parents who 
smoke have more bronchitis and pneumonia during the first year of 
life and that acute respiratory disease accounts for a higher number 
of restricted activity days and bed disability days in children 
whose families smoked than in those whose families did not. In 
adults, small airway function impairment equivalent to that observed 
in light smokers has been reported in adults who had never smoked 
or, lived with smokers but were only exposed to cigarette smoke in 
the: work place. Results such as these need to be confirmed and 
validated.. A number of studies involving large population groups 
are presently addressing the question of the effect of passive 
smoking! on the respiratory system. However, these studies which 
are being carried out by at least three different groups, are 
employing! different populations and methodologies and have led to 
varying conclusions. 

An important goal of this workshop was to provide a common 
forum to these different groups of investigators, along with 
statisticians conversant with this area, so that the various study 
designs and results obtained so far could be reviewed in order to 
identify the probable reasons for differences. Other goals of the 
workshop were to develop guidelines for collection and analysis 
of epidemiologic data on the respiratory effects of passive smoking!, 
and to make recommendations for future studies. 

The participants included epidemiologists involved in 
three ongoing population studies of the effect of passive smoking 
on respiratory health, statisticians, and adult and pediatric 
pulmonary physicians. The presentations (see Appendix A for agenda) 
dealt with data from the three groups and methodologic issues 
relating to data collection and statistical analysis, as well as 
results of other relevant studies carried out both' in the US and 
other countries. After the first day of formal presentations, the 
workshop participants (see Appendix B for the list of participants) 
were divided into smaller task groups, each of which addressed the 
issues of measuring smoke exposure, outcome variables, confounding 
variables, other statistical issues related to design and analysis, 
and the need for additional studies. The following! is a summary 
of the presentations, discussions and recommendations of the task 
groups. 
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FOREWORD 


On MSy 1-3, 1983, the Division of lung Diseases, National Meant, Lung, 
and Bldod Institute sponsored a Workshop on Respiratory Effects of Involun¬ 
tary Smoke Exposure: Epidemiologic Studies, which was held iin Bethesda, 
Maryland. Twenty-one investigators from the fields of epidemiology, statis¬ 
tics, and adult and pediatric pulmonary aiedicine participated. This report, 
prepared by the workshop chairman, session recorders, and Division of Lung 
Diseases staff,, summarizes the presentations and makes recommendations for 
future studies. 
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INTRODUCTION 


The 1979 Surgeon General's Report on smoking and health presented the avail¬ 
able scientific evidence that links involuntary cigarette smoke exposure 
(passive smoking) to adverse health effects. Existing evidence suggests 
that children of parents who smoke have more bronchitis and pneumonia during 
the first year of life and that acute respiratory disease accounts for a 
higher number of restricted activity days and bed disability days in children 
whose families smoked than in those whose families did not. In adults, 
small airway function impairment equivalent to that observed in light smokers 
has been reported in adults who had never smoked or,lived with smokers but 
were only exposed to cigarette smoke in the work place: Results such as 
these need to be confirmed and validated. A number of studies involving 
large population groups are presently addressing the question of the effect 
of passive smoking on the respiratory system. However, these studies which 
are being carried out by at least three different groups, are employing 
different populations and methodologies and have led to varying conclusions. 

An important goal of this workshop was to provide a common forum to these 
different groups of investigators, along with statisticians conversant with 
this area, so that the various study designs and results obtained so far 
could be reviewed in order to identify the probable reasons for differences. 
Other goals of the workshop were to develop guidelines for collection and 
analysis of epidemiologic data on the respiratory effects of passive smoking:, 
and to make recommendations for future studies. 

The participants included epidemiologists involved in three ongoing popula¬ 
tion studies of the effect of passive smoking on respiratory health, statis¬ 
ticians, and adult and pediatric pulmonary physicians. The presentations 
(see Appendix A for agenda) dealt with data from the three groups and methodo>- 
logic issues relating to data collection and statistical! analysis, as well 
as results of other relevant studies carried out both in the US and other 
countries. After the first day of formal presentations, the workshop partici¬ 
pants (see Appendix 8 for the list of participants) were divided into smallier 
task groups, each of which addressed the issues of measuring smoke exposure, 
outcome variables, confounding variables, other statistical issues related 
to design and analysis, and the need for additional studies. The followingi 
is a summary of the presentations, discussions and recommendations of the 
task groups. 
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COMMUNITY-BASED STUDIES ON THE PULMONARY EFFECTS OF PASSIVE SMOKING 


Findings from; community studies of the effect of passive smoking on the 
respiratory system were summarized. These presentations included data from 
populations in East Boston, Massachusetts, the Six Cities Study, Tucson, 
Arizona 1 , and Tecumseh, Michigan. Although none of these studies were origi¬ 
nally designed 1 to address the question of the effect of passive smoking on. 
the respiratory system, all have succeeded in obtaining a considerable 
amount of relevant data. 

The methods of data collection and data analysis are somewhat different from 
group: to group, and the results and conclusions of the studies also showed 
differences. All of the studies have been using questionnaires to assess 
exposure and symptom prevalence and, in general, the one second forced 
expiratory volume (FEV.) has been used as the lung function outcome variable 
of interest. 

Most of the available data that have been analyzed are cross-sectional in. 
nature; longitudinal data from a cohort followed for seven years in East 
Boston, Massachusetts, have been published since the workshop. In the 
cross-sectional community-based population studies, the effect of passive 
smoking on Hung function varied from none to a very small effect (0-3% loss 
in F£v.,). In the longitudinal study, a measurable effect on the development 
of pulmonary function was seen in the children with a mother who smoked 
throughout the child's life. Whether this reflects a postnatal effect of 
passive smoking on: lung growth and development, en in utero effect or an 
effect on bronchial reactivity such that some i ndivlduals exposed to passive 
smoking develop an increase in bronchial reactivity, an increase in mucus in 
the airways, increased susceptibility to lower respiratory tract infection 
or some other ^s yet undefined effect is trot yet clear. Better measures of 
exposure, more longitudinal data and more information about bronchial 
reactivity are needed before this can be resolved. Better measures of 
exposure wliVl probably involve biological monitoring, for example,, the 
measurement of cotinine in biological fluids such as saliva and urine. The 
size and complexity of the data sets accumulated in these population based 
studies have necessitated the development of new analytical techniques and 
the adaptation of existing techniques to apply to both cross-sectional and 
longitudinal data. 


Ill 

METH0D0LOGIC CONSIDERATIONS 


The relatively small differences in the effects found in the-various studies . 
discussed at this workshop may be real and represent true differences among. 1 
the various communities studied in the measurable effect of involuntary 
smoke exposure. Such differences may be caused by regional and geographic 


- 2 - 

Source: https://www.industrydocuments.ucsf.ed • locs/tgnxOOOO 


6S964CC202 




variations ini levels of indoor air pollution that might result from differ¬ 
ences in housing - (e.g., well insulated versus poorly insulated houses,) 
end life style (e.g., predominantly indoor living versus predominantly 
outdoor living.) On the other hand, the differences may also be due to 
methodoliogic differences in data collection and/or analysis and in the way 
in which potentially confounding variables have been handled. 

The difficulty of controlling for potentially confounding variables was 
recognized. Such variables include: 1) unvented combustion products from 
different kinds of stoves used for both heating and cooking, e.g., gas, woodi 
and kerosene, 2) other indoor pollutants such as formaldehyde and respirable 
particulate matter, 3) indoor pollutants of organic origin such as pollens, 
molds, mites, other allergens and infectious organisms, 4) characteristics 
of indoor environments such as temperature, humidity, andifrequency of air 
exchanges, 5) socio-economic status, culture (ethnic), and such factors as 
crowding, number of siblings, household conditions, child care, reporting 
biases, etc., 6) demographic and medical characteristics of the study popu¬ 
lation such as age, sex, marital status , the presence of underlying; respir¬ 
atory conditions, atopy, infections, disability and/or co-morbidity, 7) 
parental symptoms such as productive cough which will affect reporting, 8) 
maternal smoking during pregnancy, 9) annoyance responses and other psycho¬ 
logical or social responses to tobacco smoking im a nonsmoker. Extensive as 
this list of potentially compounding variables may be, the importance of 
taking them into consideration in the study design and analysis cannot be 
overemphasized. 

Given the complexity and number of the potentially confounding variables, 
the importance of analyzing all the data sets using a common statistical 
approach was recognized. Also, the importance of distinguishing a statisti¬ 
cally significant difference between groups from a clinically significant 
difference was emphasized; In this regard, a small difference (e.g^, 1-3% 
in FEV.) in a cross-sectional study between children from homes in which one 
parent 1 smoked and those from homes in which no one smoked, might be statisti¬ 
cally significant but not be of any clinical significance. On the other 
hand, a 7% difference in rate of increase in FEV. over 7 years observed 
longitudinally may be both statistically and clinically significant. It is 
therefore important to use outcome variables (such as FEV 1 ) which are of 
clinical importance rather than using other lung functionHests which are 
extremely sensitive. Likewise, longitudinal data are generally more useful 
and informative than cross-sectional data. 

Many of the differences among the many population studies which have looked 
at the effect of active and passive smoking on the lung function may be 
attributable to exposure and/or dose. The logistical difficulties im ade¬ 
quately monitoring these variables are recognized as is the need to develop 
techniques which are able to measure the biological burden of tobacco smoke. 
In the future it is likely that considerably less attention will be paid to 
indirect measures of exposure such as area and personal samplers and: more, 
attention.paid to biological markers of exposure. 
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IV 


CONCLUSIONS OFWCttilhS G!£.>$ 


1 

A. Study populations 

None of the population studies already under way was designed 
specifically to look at the effect of passive smoking on the 
respiratory systemi However, if the results from these studies 
show consistency, it may be possible to arrive «t answers to most 
of the questions about the effects of passive smoking on the 
lungs. Existing data sets should be analysed and the results 
compared before any further studies are designed to address this 
question. An exception to this might be for the ape group 0-6 
years for which there is very llittle existing information or 
planned study because of the difficulties inherent in obtaining 
accurate measures of lung function in tnis age group. Also of 
particular interest are the changes taking place iin lung function 
during the transition between the late teen years and early twenties 
and the decline in lung function in early acult life. There is 
presently insufficient information about the possible effect of 
risk factors such as passive smoking on this transition phase. 

Another area of particular interest is the occupational setting. 

It may be that passive smoking is more hazardous in certain occu¬ 
pational 1 settings than in others. 


6. Outcome Variables 


The usual measures of outcome that are presently employed are 1) 
some measure of lung function and 2) questionnaire information.. 

Every attempt should be made to obtain information in a standard¬ 
ized fashion, (as is presently being done in most of the ongoing 
studies). Since there are differences of opinion as to which 
measure of volume or flow should be regarded as the "best"' measure¬ 
ment, it is recommended that the complete flow-volume or volume-time 
curves should be saved. In addition, more attention should be 
paid to obtaining information about airway reactivity since the 
existing evidence suggests that exposure to passive smoking may 
alter an individual's airway reactivity. Also, there is an urgent 
need to develop pulmonary function tests for use in very young; 
children (below five years), with particular attention to liming 
these tests with those for oldfer age groups. 

Most groups are presently using the standardized ATS-DlD respiratory 
symptom questionnaire to define symptoms and disease states. It 
should be noted that this questionnaire was developed to defne. 
disease states such as chronic bronchitis andl, therefore, m.;- not 
be entirely suitable to elicit the symptoms associated with >assive 
smoking. Likewise, the pediatric questionnaire was not devslbped 
with the idea of identifying symptoms associated with passi.e 
smokingi It is recommended, therefore, that new questions should 
be designed to add to both the adult and the pediatric question- 
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naires to obtain information, in a standardized fashion^ about 
involuntary smote exposure. 

Measurement of Dose/Exposure 

Lack of proper attention to the estimation or measurement of 
exposure is a major weakness of aVI the studies carried out so 
far. Direct measurement of exposure to tobacco smoke and other 
combustion products is, at present, too difficult to consider in 
population studies. It is possible, however, to significantly 
improve our estimates of exposure. This can be done by developing 
standardized questions for characterization of indbor sources of 
pollution, including smoking and by using passive monitors to 
estimate average ventilation within ouiidings. Probably most 
important is the evaluation of biological monitors, in particular, 
urinary and salivary cotinine levels as indicators of levels of 
exposure to tobacco smoke. 

Confounding Variables 

There are many potential confounding variables which must be takeni 
into account. Data on these variables are not presently being; 
collected uniformly among the studies underway. It is hard to 
recommend any specific strategy with regard to confounders, but it 
must be emphasized that any study which ignores them will be 
seriously flawed. A list of potentially confounding variables is 
provided in Section Ill. 

Atopy is important to measure, but cannot be determined by ques- 
tionnaire data. Only skin tests and IgE measurements are appro¬ 
priate at present. The development of a standardized approach to 
measuring the atopic status of an individual should be undertaken^ 

Other statistical issues in design and analysis 

The investigators agreed that the various study groups should 
attempt to cross validate results using analytic techniques from 
other studies on their own data. Existing statistical methods 
plus the adaptations of existing methods that have been developed 
provide a good starting place. In certain instances new methods 
will sti111 need to be developed. For each study and data set, it 
is important to place confidence limits on the results, evaluate 
them in the light of possible biases specific to that study and 
interpret the results in terms of whether they are clinically and 
biologically meaningful as well as statistically significant. 

Additional studies 

The participants concluded that the existing studies and data sets 
should be explored extensively and the results of. the various 
studies compared in order to see if an agreement on the effect of' 
passive smoking on the respiratory system may be reached by the 
various investigators. Following such an analysis, it will probably 
be clear as to whether new studies need to be designed to answer 
specific questions. 

-S- 
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It »ay also be worthwhile to explore other existing data sets 
which My have obtained information about exposure to passive * 
smoking such as MRFIT, Framingham, the UK National Birthday study 
(1952), the Japanese (Hirayama) data set and French (Kauffman) 
data sets. 

One area that does need additional study is the development and 
testing of better measures of involuntary smoke exposure, such as 
area; and personal! air samplers and biological markers of exposure. 
For example,, salivary and urinary cotinine levels. These need to 
be non*invasive. 


V 


RESEARCH RECOMMENDATIONS 


Available data 

1. The groups with ongoing studies should be encouraged to use 
common methods of analysis in addition to any methods they 

are already employing. 

% 

2. The use of standardized methods for obtaining questionnaire 
and lung function data should be continued. However, ques¬ 
tionnaires specifically designed to define disease or symptoms 
in,smokers may not be adequate and new questions capable of 
eliciting more subtle responses are needed. 

3. Where possible, a measure of bronchial reactivity and a 
measure of an individual's atopic status using skin tests and 
serum IgE should be included. 

4;. All possible confounding variables need to be taken into 
account in any analyses. 

5. Measures of exposure such as salivary and urinary cotinine 
ought to be obtained to validate questionnaire results. 

New Studies 

1. Additional studies are probably required in young children (below 
five years) to obtain more information about the relationship 
between passive exposure to tobacco smoke and the incidence of 
lower respiratory tract infections, the development of symptoms, 
lung growth and lung function. 

2. Improved methods of measuring exposure to both tobacco smoke and 
other indoor pollutants need to be developed and validated. An 
example of this is the use of salivary and urinary cotinine. 


Source: https://wMiw.industrydocuments.ucsf.edu/docs/tgnxOOOO 



SUMMARY AND CONCLUSIONS 


A review of the data from the studies which have been carried out or are in 
progress which address the effect of passive smoking on the respiratory 
system suggests that the effect varies from negligible to quite small. Prom 
this review, it was not possible to determine whether there is a specific 
group which is at increased risk or what the mechanism of the effect (if 
any) may be. The data sets which already exist and are presently being 
collected are Targe and complex and, not surprisingly, there are differences, 
although small, in the results, among the data sets discussed at this workshop. 
These differences may be due to real differences among the populations being 
studied or may be due to methodologir differences that inevitably occur from 
study to study, both in the data collection and analysis. A common approach 
to the analysis may help to answer this question. It seems likely that the 
existing data sets contain sufficient information to allow some conclusions 
to be reached on the effect of passive smoking on the respiratory system. 

New large scale population studies (of subjects above 5 years of age) should 1 
orobably not be initiated until the existing data sets have been thoroughly 
evaluated. There is, however, an urgent need for the development and evalu¬ 
ation of non-invasive biological markers of exposure. 
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APPENDIX A 


DIVISION OF LUNG DISEASES 

WORKSHOP ON RESPIRATORY EFFECTS OF INVOLUNTARY SMOKE EXPOSURE : 

EPIDEMIOLOGIC STUDIES 

May 1-3, 1983 

Chairman: Sonia Buist 


May 1 
Welcome 

Smoking end Pulmonary Health - Goals of Workshop 
Pulmonary Effects of Passive Smoking 

May 2 

COMMUNITY: BASED STUDIES ON THE PULMONARY EFFECTS OF 

Passive smoking 

Moderator: - S. Buist 
Studies from Boston, Massachusetts 


Studies from Tucson, Arizona 


Studies from Ann Arbor, Michigan 


OTHER STUDIES AND METHODOLOGICAL ISSUES 
Moderator: H. Weill 

WHO Studies 

Measurement of Indoor Polution 


S. Hurd 
S. Buist 
C. Rossi ter 


1. Tager 
F. Speizer 

S. Weiss 
D. Dockery 
B. Ferris 
B. Rosner 

T. Louis 

B. Burrows 

H. lebowitz 

L. Taussig 

M. Higgins 

I. Higgins 

J. Keller 
A. Monto 


Ml Lebowitz 
Stolwijk 
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Hay 3 

GROUP DISCUSSIONS TO DEVELOP RECOMMENDATIONS 
ON THE FOLLOWING ISSUES 

Exposure Measures 

Outcome Variables 

Confounding Variables 

Other Statistical! Issues in Design 
and Analysis 

Additional Studies 

FINAL PRESENTATIONS AND RECOMMENDATIONS 
Moderator: S. Buist 

SUMMARIES OF GROUP DISCUSSIONS 
RECOMMENDATIONS FOR FUTURE RESEARCH 
CONCLUDING REMARKS 


_o_ 
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University of Michigan 
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Ann Arbor, MI 48109 

Jacob Keller, MPII 
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University of Michigan 
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109 Observatory Street 
Ann Arbor, Ml 48109 

Michael 0. Lebowitz, Ph.Oi 
Professor of Internal Medicine 
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The University of Arizona Health 
Sciences Center 
1501 North Campbell Avenue 
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Thomas Louis, Ph.D. 

Associate Professor 
Harvard University 
School of Public Health 
Department of Biostatistics 
677 Huntington Avenue 
Boston, MA 02115 

Arnold S. Monto, M.D. 

Professor of Epidemiology 
University of Michigan 
School of Public Health 
109 Observatory Street 
Ann Arbor, MI 48109 

Bernard Rosner, Ph.D. 

Associate Professor of Preventive 
Medicine and Clinical Epidemiology 
Channing Laboratory 
180 Longwood Avenue 
Boston, MA 021IS 
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Pediatrics 
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Sciences Center 
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Mike Wall, M.D. 

Assistant Professor of Pediatrics 
Division of Chest Diseases 
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Hans Weill, M.D. 

Professor of Medicine 
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Scott T. Weiss, M.0., MLS. 
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Airways Oiseases Branch 

Hannah H. Peavy, M.D. 

Airways Diseases Branch 


W 

o 

w 

CJ 

CO 

•si 

cn 

s 


>11 


Source: https://www.industrydoci 5nts.ucsf.edu/docs/tgnx0000 


2023379669 


Source: https://www.industrydocuments.ucsf.edu/docs/tgnxOOOO 











EJcwo,. E.E., Weinberger, M.M. , Lachenbruch, P.A. , Huntley, W.H. 
"Relationship of Parental Smoking and Gas Cooking to Respiratory 
Disease in Children" Chest 64: 662-668, 1983. 

SUMMARY: In' a survey of 1,355 children six to 12 years of age, the 
risk of hospitalization for respiratory illness among children 
before age two years was increased when gas was used for cooking 
at home (p < 0.001) or at least one of the parents smoked 
(p < 0.02) . The occurrence of cough with coldfe in children was 
also significantly increased when one or both parents smoked 
(p. < 0.001). Small but significant increases (p < .05) in the mean 
values of forced! expiratory volume at one second, the flow rate of 
75 percent of the forced vital capacity, and the forced expiratory 
flow rate from 25 percent to 75 percent of the vital capacity (FEF 
25-75) were seen after administering inhaled isoproterenol to 
children whose parents smoked (n = 94) but not among children' whose 
parents did not smoke (n = 89) ; this was not seen in association 
with gas cooking., Thus, exposure of children during the first two 
years of life to gas cooking or cigarette smoking appears to be 
associated with an increased risk of hospitalization for respiratory 
illness, and cigarette smoking appears to be associated with a more 
consistent response to inhaled bronchodilator among six - to 12- 
year-old children, with no other history of chronic respiratory 
illness. 


Source: https://www.industrydocuments.ucsf.edu/docs/tgnxOOOO 
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Relationship of Parental Smoking and Gas 
Cooking to Respiratory Disease in Children* t 

Idem E Ekwo t A/ D , Af.f Jf . Met A t UWn/>rr*er. Af.D., FC.C.P.. 1* 

icier A Luc/iriifrmc/u flwf AVtf/iam H. //unf/ty,, fi.HT 


In a %*r*y «f ll355 ckildrr. afe to IS yean of***, tfie iftktf. 
fit piU loAlitm far in»>n l« T <b*» t mmgMdnn before 
•RrlMiytmwM wnctsd «4w for fak in g 

an Imw ip <§Mll px* mnW 

4p < 6.051 Tbc tcwf Su ce af ©o%ueh «Mt fUs la cbsJdrrn 
aba was tfcntfcaady bscrwed wbn aac ar both parents 
aamf rif (p <©.001PSmaII but fijemficant inmaset (p <.®5) 
in the mean values of furred expiratory volume at ant 
second, the How rate at 75 perrent of the forced vital 
capacity, and the forced expiratory flow rate from 15 
percent to 75 percent of the vita! capacity (K£F25-?5) were 


seen after administering inhaled isoproterenol to children 
whose parents amoked (nwIM) but not among children 
wIktsc parents did not smoke (n • W), tliii was not seen in 
association with teas cooking Thai, exposure of children 
Airing the first «wa years af file la pas eaokfogarcigarette 


amakiret appears la fie associated with m la crea s ed risk of 
fi a sprtalttat ioa for respiratory Wows, and cs p a ret H a wa k ing 
aboears takt i uat i of t dii nh'^tStare^aiiSiipatrespoo ** to 

erith aa other history of chronic respiratory fisen. 


child ren 


T^.iirnul unuking lias been shown to be related 1 to 
^ increased risk of respiratory illness in children 
during the first year oflife.' J aml loan increased risk of 
morning cough, respiratory infections* and breathless* 
ness among ukltT children.'* Specifically, an increased 
incidence of pnrtirminia and bronchitis with conse¬ 
quent hospitalizations luis been reported among in¬ 
fants whose parents smoked compared to children 
whose parents did I not smoke.' Parental smoking also 

For editorial comment see page 651 

has been reported to increase tlie risk of persistent 
wheeze* and symptomatic asthma.* In a study of 
British secondary schoolchildren that showed early 
morning cough to be mare commonly reported by 
children who smoked, the effect on these smoking 
children of parental smoking appeared to be additive * 
A decrease in pulmonary function measurements alio 
has been noted in nonsmoking children whose parents 
smoked ILU 

An association has been similarly shown between 
respiratory illness in children and gas cooking, appar¬ 
ently fromi increased levels of nitrogen dioxide and 
nitric oxide in the homes with gas stoves. 10 In 
addition; pulmonary function measurements per¬ 
formed in school lage children were found to Ik; lower in 
assocutioiv with the use of gas stoves in tlie home. 12 - 0 
The currrnl study was designed to further examine 

•ff'Hn tlir Dnitkint trf AiiJmiUiiitv mkI Omuituntlr IVdwtries and 
IVdialrn' Alli fcttand IVihmmary Disease. Department «t Itaili* 

, and i (Im- l)«‘)Mrlim*nl ul am I Khvsmu menial 

VUiIkimc. n»f l litvt'fvtiv iil liMi Vltnlk jl Si ImwI, liMillllv. 

Tim whU^ MipiNMlttl m |Mr| In (want No KK5 l J limn the 
CIhik 4 I Hr vii di (aiiirt, livNI 11 (.4 44(1 nun A HMttSMH.liv Cystic 
frihrmi* IihmhUihmi (want C'521 A. ainJ In the Johnson County <IA) 

Lunx A*v«uihhi 

NliiiUKri^ inThnl Detvmlivr b, atrpInJ June 29 . 

«j — 


the relationship ofparental smoking and gas cooking on 
the occurrence of respiratory* illness and symptoms in 
children from a midwestom university community. 
Additionally, we examined the relationship between 
these environmental exposures and pulmonary func¬ 
tions. 

Mimious 

Subject $ 

Children, ace> fi 10 12, who at tendril primary school in the Iow< 
City School District »rff contacted after permit mm **1 obtained 
fmm school Mlmiuiitriiort The icbul (inirict Knu i wmeriity 
community Tin: diiUre* were therefore tenmlly from middle and 
upper toco] <fos»cs Hot tm put in* schools inriodedxppmMute Iv XT 
percent of the 4.0G2 children tit to U year* of age enrolled m the 
achnol district Clokjrrn from the participating uhcmh were sent 
borne with » letter etpUimng to parents tlie purpose of the studies, 
the information we were interested in culled mg and why The 
parents were requested lo complete « modification oftlie question - 
•uire drvrioixrd hy the American Thoracic Society (ATS) for the 
Division of Lung Disease (DU)) of the National Heart; Lung. and I 
blood Institute (the ATS-DLDi|uett*o«inaireTand Wreturn it tows 
in a ttamped, self-addressed envelope (A copy of the modified 
questionnaire u available on request from the authors ) Two weeks 
following the initial distribution of the questionnaires lo the parents, 
toother letter was tent as t reminder to pwents who had foiled to 
return • completed questionnaire. 

In order to determine if nonrespondent parmU and their children 
diDered significantly in certain rha/act eristics fmm those parents 
who I sad completed tlie quest lonnairev a) tout their children. 2(10 
lion respondent parents were ram turn) iTWWvtcd and nmtacied hv 
trl4*(>lMMie by a trained research assistant ium weeks alter the 
C|»H*i1sMii»4irrt sw mitullv «mt to the parents. The parents were 
rash read the |urt \J tl*c quest km mairr that related hmm ilomilv to 
cigarette swmkinx and respiratory illness Ti ensure (lot tin* «|ues- 
Iwni wrrr answrr»*d annrateh. tl»rw ptflmetit Inun tlie 

qoestuMinaiie wvre read akKnl 4 \ai lh as printed and wnt) WH it am 
rial sir at mmi hv tl*c rrseanh assistant 

htlmunmry fumium \lr**unmrnt% 

fulmunan fuiwUm **K-asurrmmt» mt*rr olaamed iioin vlnl 

e v— n taf m Cas Caos«g m Aevwa^y Osaasa o * Gfumufno m D 
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dren <47 full and 41 U*v*t w4mtc parent! did not smoke and W 
c4uklrrn (53 Rirh and 42 Uml «)hm parents wnokcd 1V« 
«4»iUlmn^urrc romUmly *clriied using tables .of random mtmhrn 
froni 1 (Im'i cbiklrrn k*f wiimn compete infix mat inn was oJiUmed 
M\me 1 Im* i amluiirr All parmU w»ir mpteilrd tOnwUalf ibrir 
nmrnl fix |iulitMMi.irv fonclKin sIodic* to Ur obtained fnxn ll**ir 
tfeiUIri-ti. aHrr *r luj pnnuJrd a full wnHm explanation of ll»c 
«r»o*m fix •4»UiitmiMlif measurements and tbe pnanJurr% 1 Hr 
«UM ««mU fcdlim <Unn|t puWftiMiarv funcliun I ml in* Guisrttt wav 
tdiUmrd Umr 4U <K5 6 prrrenO oftlw 4tU rbtldrvA »U#>e jurmii 
alad out Kmnkc and Safi (111. 1 percrot) uf the 1*54 children wbov- 
|Ufenli smoked I \VU*n |urrntil imulting was lejil cvmtant. the 
pn^HxlHxn, «f children who baj tuugh with cold] couch J|url from 
u4Iris. or phlegm with nr aparl frm* ruidt wit not Signibcwrtlv 
diflrrrnt inciuikiitmi* |urtnlictm|uml Iti MMaavtilmBiurmU. 
\\r tbrnHurr fi ll lhal our sampling pnardure pnduerd a rvprrsetil- 
dnt population «f children 

Children wrrr r«cUidt"U d (here mas a history of rrcurrmt 
respirator* illness nr if dierr was any history of upper nr luwrr 
vrsfiiratary udtTlKin durmc tlw prior tit months Spmmtclry was 
wrasuin) with a faies I'ohruimK waterless rrsiHnmwiri. CslcvLi- 
laim of the |*arafnrtt*rs measured wrrr ch me Ity tlx* Jinki IkimatK 
CtmiiMilrr w«Ji tWv rabixatawi UnC tulunies wen* mca*ortd by 
wv* nl a pb’lhvstrvograph (model SlKJOtt (2*nl»ofMiltooiiarv lustrum 
menu) using a 3 1 L/mximiJ Flnm4» lemprraliiir<«mtlulled |meu* 
auotavhj with a fUrw aLXiiracy *d r 1 pmrtil of full atah*. 

Eavh child was iiittriKiml in I lx measurement maitrmrr and was 
in an M]tni:lii mIImik pnitum. Kah test an repeated dinar In hi* 
times, and llie lies! Hlort :wa> Jakes*. Flow rates and lung m4iihk*i 
were measured Iw kxr aud five mmol e * sulrxnjomt to 1.25 me 
tnluh'd isnpmtrrriuil diluted mill* 2 ml normal i sal me subitum and 
administered In an open nebulizer 

Arsa/yiu tf Data 

Discrete multivariate anahsii »v used In Mudv the interactions 
amoiia latlors * * In this anaH sis. maternal and paternal smoking 
and Ci4i conking were tCrated as independent factors, while the 
frei|uenoes of various respirators- symptoms or sllneu were the 
dependent variable* The reported prevalence of respirator v ijrmp- 
loms or illnesses were stratified by parental smoking (mother alone. 
Catl»er alone, hoth parent*. either or both parents, neither parent 
tmokrsl and by conking fuel use Odds ratio »ai calculated for each 
inter act mn effect Odds ra&tot greater than one indicated (hat the 
variable )iad a higher risk fix the children and conversely odils ratios 
of lest llun one indicated lower risk A chi-square andysu mas used 
fto rtamini tlie significance of the odds ratio. 

Regression lines were fitted to each of the pulmonary function 
measurement! using the Statistical Analysts System (SAS) using the 
Stepwise procedure.” The vanables entered in the equation were 


age in yean. sea. weight (kg) and standing bright (cm! Lanes were 
fitted separately (nr children from smut me aodMHismtAing environ¬ 
ments, as «r Ha* for value* obtained b> (Jbling these twngnwip* F* 
tests were performed a* descrdird hv Tirler and Matsermau" to 
compare the fit of the lines obtained fix tallies fix children from the 
two environment* and fix the praAkl data Paired I-tests merr used 
to comjurr (hr prelironchoddalor and postImmchtdiLitor pulmo¬ 
nary functions. 

Rtvum 

Completed quest km inaires were olftainrd (br 1.355 
children, or 65.7 percent of the children six to 12 \iciirs 
of age in the school district. Of the 1,355 comp letted 
questionnaires, data on parental smolim* history was 
complete for 1,138 percent} of the diildren. lit the 
retnaiiiiug 217 (|ueKt«oiitiaires, cither maternal or 
paternalior Isoth smoking histories were utireiorded or 
incompletely recorded. TJ»e proportion of: children 
with incomplete or no parental smoking history who 
had cough with or apart fmm colds, congestion or 
bringing up phlcgmi or had chnmic lung diseases was 
not statistically significantly difierent from the projKir* 
lion of children with parental smoking histories who 
had these symptoms. Tliesc questiimnaires wxtc elim¬ 
inated in subsequent analysis Forty*nme percent of 
these chiklrcn were males* and 51 |K*rcent were 
females. Five percent of the duldrcn had established 
diagnoses of chnmic respiratory diseases. Tuo liad 
cystic fibrosis. (h»c luid pulmonary lulierculosis* two 
had diagnoses of chronic bronchitis, and 49 had 
asthma. When we compared the 200 randomly se¬ 
lected nonrespondent families to our study popula¬ 
tion, we found no statistically significant differences im 
the pm{x>rtion of parents who smoked at home The 
proportions of diildren who had cough with colds, 
cough apart from colds, or who had congestion or 
bringing up phlegm with or apart from colds were not 
significantly different among the two groups. 

Fifteen percent of the parents completing the ques^ 
tionnaire indicated they had bronchitis, emphysema, 
asthma, or other chronic respiratory condition. We 
feund 00 relationship between the report of chronic 
/respiratory fitnesses in parents and the reported preva¬ 
lence in children of symptoms of cough with colds. 


Table* I —-Proportion cf Children with CougA • cith CvUU or iiotptialized for Chett IVo Uetm Befort Alt 2 Yean, by Hutory 

if Parental Smoking and Home Cooking Fuel Deed 


Homr CmAiug Fur! ! 

Parental Smoking History 
(HV* • Parent Smokes) 

PrrcmUgr of Cliililnm AfWu-J 
ffixal Numlirr uf ClulJrm m ll»e tiroup) 

Farher 

W other 

Cough With Cold* 

ll(npi1aluuiH»n For 
Ckrilllliifori 

C^i 

Nu 

No 

32!M dlJTt: 

3 1 4I3M 

Ca* 

No 

Yes 

35 7 v2H)\ 

7 i 

C*v 

Vt-v 

No 

35 b •1011 

h Uiian 

C*i 

Vr* 

Yc* 

3U l«t ll 11)1 

«(Ml 13i 

F.b\lrxi< \- 

Ni. 

No 

2nyiuM.il 

2 1 uMij 

FtlXlfKllN 

N«» 

Vs 

3T ? 

h b 

£UitirKif\ 

Vr* 

No 

37.7 (h*Ji 

S h (17V 

EkiliKitv 

Yr* 

Yes 

44 S *17 li 

12 i!72i 


« 
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"*"T«ible 2— Association of Farrnta! Smoking and Cat Cooking with Hcapitalization of Children Btf on A & t lean for 

Ret juratory lUnr**r$ 


VaruhlrN 

No of Otilclirn 
Ifto'piUhmJ lor 

Chest lllne* 

Gthu HiitMi 

SE 

p-VJuc 

furl u*nl fcif 






home twAm|£ 

Yes 

Nu 




Cas 

tb 

350 

24 

0 6M 

0 001 

Cklncilv 

IS 

7» 

10 



luenial tmukmic 






Folhcr mkme timArv 

18 

tno 

13 

0 856 

0/022 

Mother akme tffioke» 

8 

SO 

IS 

1:119 

0.026 

Father and wwrfhct unuke 

U 

*71 

16 

0 N56 

021 

Either nr l«rth patents smoke 

SB 

621 

11 

0.666 

0 017 

Nrtthrr p*n*nt smokes 

HI 

665 

1.0 ' 


. ... 


cough apart from cold, or brinRinfiof phtcj^n «1tli# ever, parental smoking increased the risk of uccurTcnpe 

•part fwm cokls Ofthe 1.138 children, 31 percent of these symptoms (Taldc3)..Othcr th» ^ 

lived in homes where gas was used for cooling, and 61) of wheezing and whistling sounds in the chesfwfth 

percent lived in homes where electricity was used for colds. stone of the dependent variables in Tilifo 4 wjs 

cooking. TIktc was • significant association between significantly associated with parental smoking and/or 

parental smoking and the use of gas for cooking. use of gas for cooking. Also, the frequency of occur* 

Fathers smoked in 224 (56 4 percent) of the 397 homes • fence of car infections in the children lietween ages 0 
* where gas was used for cooking, compared to 366 (46.6 
percenOofthe 78<i homes in which electricity was used 
for cooking (x’“ 10.28, p<0 001) Similarly mothers 
smoked in 180 (40.6 percent) of the 441 homes in which 
gas was used for cooking, compared to 292 (33 7 
percent) (if tlie homes in which electricity was used 

for cooking {x‘*6 33, p<0.U5) Tlie proportion of 
children with chronic respiratory symptoms by iurvn- 
tal smoking and use of evoking fuel arc sliown in Table 
1. 

Tlie use of gas for cooking was associated with an 
increased risk oflios pi tali/at ion of the children before 
age two years Ileeause of chest colds and other respira¬ 
tory illnesses (odds ratio * 2.4) independent of 
parental smoking (Table 2) Any parental smoking also ^ 
increased the «xfdi ratio. AVhen both parents smoked * 
in a household in wliich gas was used for cooking,ilfe 
^od(b ratio was 9.25 (p-O.OUOfi). The use of gas ror 
cooking was not associated with increased risk if 
occurrence of cough with colds in the children. Ilow* 

Table 3—Association tf Pdrrntal Smoking end Cai CooJnng with Occurrrnct of Cou^h trith Golds in Children 


to two years, or two to five years, or the occurrence of 
wheezing with exercise was not found to lie associated 
with parental smoking or use of gas for cooking 
Tlie mean standing height ofl44.2 cm and weight of 
37,8 kg for children whose parents smoked I was not 
significantly difforent from the mean standing height of 
145,6 cm and weight of 38.7 kg for children whose 
parents did not smoke. Mean values for initial mea¬ 
surements of pulmonary function In-lbrc the inhaled 
isoproterenol <Ud not diffor significantly between chil¬ 
dren from smoking and non-smoking families Sigoifig 
cant differences in mean values were put seen after 
bronchodibtor iniiala^m in the children from mm* 
smoking families, hut were apparent among children 
from smoking families for the measurements of 
FEF75, FEV„ and FEF25-75 (Table 5) Tlie mean 
values of the measurements of lung volumes for the 
two groups of children wen 1 not statistically dificreut. 
Because 28 f-test* were performed fori these analyses, 
adjustment was made by accepting only l-tests with p 


V^rwliU'A 

No. of Children 
with SyrnjHofm of 

Couch* witlit/okls 

Odii* KjImi 

SE 

p'V^lur 

F»*e1 uv*d (r*r 




-T 


Uome okAiiii; 

Kes 

No 





tas 

*52 

0 9 

oia 

055 

EWtncilv 

**> 

495 

It) 

... 


Fan-nul urn Am* 






Fatl*ei rflmr tnxAri 

i«i 

177 

14 

u 22H 

0013 

M^Kf! aLnir 

36 

61 

15 

H MH 

II UVl 

FaOirr »kI multief uwile 

111 

173 

1.6 

«r>v 

U tie 

tulrr ie l«4li |urriiti tmokr 

*47 

411 

15 

0 IM. 

0 U)1 

Ni'itlwr pjurttl 

144 

3N6 

1 o 
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Table 4^Httc(ionikip of tortnta! Smoking and Cooking Cat tcith Occurrence of Retpirotory Symptom* in Cktldnn 


Independent 


No of Children 
with Respirttory Symptoms 


VkrubJe 

*s 

No 

Odds Ratio 

. IE 

p«\*liie 

1. Chest romrtiiion and phlegm 
with culds 

Ca 

70 

ao7 

1.1 

0166 

0 41 

Clnlmiiy 

126 

633 

1.0 

.... 

. . . 

I'jther alone smokes 

46 

130 

1.0 

0.213 

0.62 

Mother done smokes 

10 

78 

13 

0.363 

0 40 

Father and mother smoke 

54 

129 

111 

0.363 

026 

Cither or both parents smoke 

m 

837 

1.2 

0.166 

0.35 

Neither parent smokes 

77 

403 

10 

. . . 

.. . 

2- Chest con Kelt ton and phlegm 
•part from cold 

Cas 

17 

345 

10 

0,302 

069 

Electricity 

as 

708 

1.0 

• . . 

. . . 

Father alone smokes 

12 

158 

0.6 

0.345 

0 86 

Mot her alone smokes 

7 

57 

16 

0.730 

0J30 

Father and mother smoke 

11 

164 

0$ 

0317 

064 

Either or both parents smoke 

00 

609 

110 

0.256 

066 

Neither parent smokes 

22 

444 

10 



3. Wheermc and whist line sounds 
mi nheiis u iib cold i 

Cas 

1CM 

ra 

10 

0 154 

056 

Elect neiiy 

198 

564 

l.u 

V 

. . . 

Falhi r aU.e \nioke% 

74 

102 

1.2 

0.210 

or 

MntJier ilmir kimtln 

30 

f»7 

1.5 

0.3(»2 

0 12 

Father ami iimthrf smuLc 


IUH 

114 

0.2411! 

003 

Either ik Imtli parent* smoke 

190 

467 

13 

0 165 

0U3 

Neither, jiamil srmties 

112 

3Ttl 

10 



4 U hif/Mic and wtnUluiL' wwind 
•h dies! a(urt Imrn cold* 

Ca* 

Xi 

326 

09 

Q222 

0 80 

Elect r Kiity 

61 

SIT 

0 t 


. . . 

Fattier ah me siimkcs 

14 

23V 

1.2 

0.329 

052 

XIiKher akme sin*ikes 

14 

73 

22 

0 "fill 

0 02 

Fatlier and mother smoke 

16 

244 

Oh 

0.339 

0 jyi 

Either or Uith jurenlk snmke 

54 

552 

11 

0.257 

0.55 

Neither |urent simile* 

ae 

421 

10 



5 Attacks of mIh'T/j itK with 
shortrH'ss of lirrath 

Ca> 

30 

346 

0.7 

0 ISM 

0 12 

Electricity 

83 

679 

10 

. . . 


Fatlier ah me smoke* 

fh 

151 

0 b 

0.211 

0 48 

Mother alone srnokes 

12 

as 

111! 

0 399 

070 

Fathrr and mother snvike 

22 

SCI 

07 

0.181 

0 14 

Eitln-r ck lioth parents smoke 

60 

597 

06 

0.161 

02V 

.Neither parent smokes 

S3 

429 

10 



valucv of <0 002 as significantly different at a 0.05 
confidence level (0.05 *e 28 * 0:0021 The mean percent- 


qucntlv. particularly in tlietempcratt’ regions of the 
worlds in preschool and school-age chddbcn Only 


agr changes inilir pulmonary function measurements 
(calcutail'd as the differences Iwlwten lhc postvalue 
and prcvatui* divided l>v the prevalucs for each pa¬ 
tient), however did not diJfer significantly between flic 
two groups ol children (using an unpaired /-test). 

DivCVSSltiN 

Hes juratory symptoms and illnesses occur fre* 


recently has it I>ceii appreciated that parental smoking 
at home may lie associated with an increased risk oti 
occurrence of respiratory symptoms in eliildreiu A 
higher rate of hospitalization of the children before ace 
two years for chest illnesses (bronchitis, pneumonu. 
* etc) was associated with Urth parental smoking and cav 
cooking. A significant increase in pulmonary function 
after an inluled bronchodiLitur among children of 
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Table 5—flow Hot** if Children Before and After InhtUd leoproterenol 


VWublci 

OuldriB of Smukinf Ffcrentr 


Children of Nonimofn* Parrntt 


Mean (SE) MusurcmenU of Flbw 
lUiei and Luna 'Wumei 

Mew (SE) MeuureatenU of Fbw 
Rates and Lung Volume* 

Fteifcoproterenol 

Postuoprotcrmo) 

P* 

Prei*opfoter»nol 

fb»U*oprotert nol 


TIM 

Ml (0 13) 

4 07(0.13) 

Oil 

5 10(0 13) 

3 05(0 12) 

042 

FEf 25 

4 .IB (0.12) 

4 15 (0.12) 

071 

4 34 (0 11) 

4.11(0. l)i 

0 1 11 

FEF50 

3^22 (0.091 

3.35 (0 09) 

0.02 

3.25(0 09) 

3 36 COLO9) 

0.07 

FEF75 

1.52(0 05) 

1.76 (0.07) 

©OOOit 

1.56 (0 06) 

1 69(0 07) 

0 11 

FEV, 

123 (0.05) 

1.27 (0-05) 

0.0002* 

til (0 05) 

2.23 (0 (16) 

034 

FEV, 

1.52(0 06) 

152 (0 06) 

0 46 

2 47 (0 06) 

150(0 07) 

0.17 

FEF25-75 

160(0 06) 

162 (0.08) 

OOOOlt 

160 (0.07) 

176 mm 

0.03 

fvc 

1.55(0 06) 

2.57(0 06) 

0 16 

2.51 (0 U7) 

153((M1T) 

0 13 


•Paired Med otmtwnnf initial pulmonary fundion measurement! and postbroAchodilalur value*. 
t5i*ni£cant at 0 05 level after adjusting ibr the performance of 28 t-teits. 


smoking parents is an interesting additional observa¬ 
tion perhaps consistent with previous reports of in¬ 
creased bronchial reactivity in cigarette smokers with 
normal lung function 1 * and an associatiott between 
symptomatic asthma in diikhvn and parental smok¬ 
ing * 

Parental smoking may be associated with diflervut 
types iif respiratory illnesses in iti£uicy compared to 
thcsclRiol age. Vergtixson ct ulMotmtl an increased Irish 
of infantile lower respiratory illnesses in tin* last «*ight 
months of the first year of the infants lile lb Ik* 
associated wilh maternal hut not paternal smoking. 
Similarly. Colley et all loin id that infantile pneumonia 
was more common when lioth parents smoked than 
when neither parent smoked! The risk was intermedi¬ 
ate when only one parent smoked Tltcsc results are 
T consistent wilh our fitubngs that hospitalization of 
.children m the first two years of life lor brouchitis and 
/pneumonia was associated with parental smoking. 
However. Ferguvson et al'did not study the association 
of parental smoking and use of gas lor cooking on 
respiratory infection rates. Tlieir study Is diflen*nt 
from ours also, in that; they studied respiratory infec¬ 
tion rate between lour and 12 months of life. Tlieir 
study was pmspccti\e-retros]KTtive in design, and 
therefore, parental recall may have been mo re reliable 
than in our study. In the first year uflifc, an infant is 
likely to spc*ndi proportionately more time with the 
mother than the father Thus, the age of the child at the 
time-of the administration' of the- respirator)' question¬ 
naire may Iwve been an important factor in the finding 
that maternal but not paternal smoking was associated 
with respiratory illness in the child. 

Weiss ct al* reported a dose response between 
prevalence rate of symptoms of persistent: wheeling, 
cough, and phlegm in children and parental smoking. 
Tlie jate of'occurrenee of symptoms in children was 
highest when both parents smoked, intermediate 
when either parent smoked, and lowest when no 


parent smoked. However, the authors also found a 
strung association between the occurrence rate of 
these symptoms in the children and the prevalence 
rate (or such symptoms in the parents BVe (bund a r 
Significant association between parental smoking and 
^lic prevalence «*f cough with nilds in the children ^ 
However, we did not find any association bctwreiL. 
parental smoking or the use of gas cooking and the 
n.*|Xirtrd incidence of cough apart from cnldk and chest ‘ 
congestion and bringing up phlegm with or apart from . * 
colds. In a studl irf ihddrrii wliosragcs wrrc simil.il (o 
the children in our population; however. Colley* found 
an association U'tuecii parental smoking and the 
occurrence of cough during the day or at niglit in 
winter in the children, lie also found an association 
Isetwecu parental smoking and! bringing up “any 
phlegm from the cliest first thing in the morning in 
winter" by the children; The lack of association Jav 
tween these variables and parental smoking in bur 
Study may he attributable to the phrasing of the 
questions in tlie ATS- DLD questionnaire. w here “in 
die morning" was not specifically metitkmed^ and 
where phlegm production was sought in association 
witli chest cold* ratlier than *lnwinter" Slight clianges 
in the phrasing of questions can result in substantial! 
differences in the type of responses one obtains * 11 -- 
Flory et al 1 showed an association between the lewis 
of NO a in kitchens and bedrooms of tlie homes, and (lie 
prevalence of respiratory illness in primary school- 
children. This association was ipdc|>cndeiit of the 
childrens age, sex, social class, and the number ofi 
cigarettes smoked at home In another study, children 
six to 11 years old from households with gas stoves had a 
history of more frequent respiratory illnesses Ik'lorc 
age two years compared to ehildreii Inini homes where 
gas; was not used for cooking. 11 In a stiudv of 
schoolihildfen in England andi Scotland, a reported 
incidence of coughs, colds going to the chest, and 
bronchitis in children from homes using gaslorcooking 
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wit significantly higher than for children from homes 
where electricity was used.® Melia et al*“ demon¬ 
strated that the association between respiratory illness 
and cas cooking tended to disappear as the children 
crew older. 

r . ~ Hie nature of the association of respiratory lymp- 
ims in children and gas cooking in the home is yet 

'■ w i ncicar. Ti\o oxides of nitrogen, nitric oxide (NO) and 
n tniecti dioxidt (NO,), are produced in varying con* 
cmtrMnms in homes with gas stoves “ it has been 
«itm*r\ed that acute exposure of man and animals to 
high levels of nitrogen dioxide (NQJ can cause pulmo- 
narv edema and death,® 

A ssgnificant induction in FEF25*75 values ^ 
observed in ebildren who smoked, m well ts ixp 
children whose paipnts smoked but who were honr 
«mokm themsehtri^ At least one group of investiga¬ 
tors has (bund no association between parental smok^ 
itiC and lung function measurements of the children . v 
In these studies, the chikllicn did not receive an 
inhaled hronchodilator drug Inhaled bmncluKlilalnr 
iiitHheatiioii was aduiiiiistcrc*d!to children in our study, 
and we observed statistically significant dillerenees in 
tlie mean sallies of’ FEF75, FEV„ aiul FEF25-75 for 
chihhrn whose (Ktrculs smoked com|wrcd to those 
whose parents did not smoke. The clinical importance 
1 4 stieh observed di{Terences in the absolute values of 
pulmonary limilion measurements is. howi*ver, un¬ 
clear. 

in a recent study of childreftsix t«i II years old from 
luMiselHilds willi gas stoves, small but significant iliilerr 
nuH were found in FI£V, and I FVC corrected for 
height, compared to children from homes where gas 
was nut med for cm iking. “THiesc lamilies tended to Ik* 
floorer and were in the lower socioeconomic class. 
Fiery et al> found no significant relatKinship Ik* tween 
lung function measurements and concent rat ions of 
NO, in cither kitchen or bedroom. Lamp function 
measurements of peak expiratory flow rates (PEFH) 1 
and FEF25-75 for children from homes with gas stoves 
were nut significantly higher than measurements for 
children from homes with electric stoves. Ilasselblad 
et al. c however, found pulmonary function sug¬ 
gestively decreased among nine- to 13-year-old girls in 
homes with gas stoves and not among younger chil¬ 
dren. 

_ Based on the findings of this report and from 
previously published findings, one is led to conclude 
that parental smoking is associated with a risk of certain 
respiratory illnesses and symptoms among children 
firing in the same environment. An independent but 
similar effect is suggested for gas cooking Children 
from homes .where parents smoke had increased reac¬ 
tivity ol airwavs after hmnehoddator tlierapv. hut it is 
not known if these changes persist or luve clinical 
consequences 
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SUMMARY: Family aggregation of pulmonary function measurements 
was analyzedi in the nuclear families of the Tucson epidemiologic 
study of airway obstructive diseases (AOD). There were 271 parental 
pairs and their natural children who had satisfactory pulmonary 
function data. Initial regression analysis showed significant 
correlations of the pulmonary function variables after controlling 
for age and sex. Body habitus, as measured by the Ponderal Index, 
was highly aggregated as well. Pulmonary function measurements 
were aggregated in families independent of family size, reported 
diagnosed AOD, and children's smoking, even though both asthma and: 
smoking showed significant familial aggregation. After controlling' 
for the familial aggregation of body habitus, a major determinant 
of pulmonary function, there was no remaining independent 
aggregation' of pulmonary function measurements. It was also 
determined that parental passive smoking had no effect on children's 
pulmonary function measurements. 
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Introduction 

Clinicians have noted that airways 
obstructive diseases, especially emphy¬ 
sema, appear to run in families, and 
this has been a common observation 
since the early nineteenth century (1,2). 
Except for the rare bomozygotic alpha,- 
antitrypsin deficiency, other genetic 
predispositions to chronic obstructive 
diseases have not been dearly demon* 
itrated (3). Studies to England have 
/demonstrated that there is a fenetic 
basis of asthma (4, 5). Recent studies 
have demonstrated aggregation of pul* 
monary function in twins (6, 7), and 
recent population studies have shown 
that pulmonary function measurements 
appear to be aggregated in families 
( 8 - 10 ). 

It has long been recognized that 
body size and configuration are geneti¬ 
cally determined, yielding familial ag¬ 
gregation of body habitus; body habi¬ 
tus has a major influence on pulmo¬ 
nary function. Although adjustment 
for height to predict a person's tong 
function is standard, this is not suffi¬ 
cient when examining interindividual 
correlations of body habitus with lung 
function: Thus, H is necessary to evil* 
uate the interaction of body hibitus in 
the analysis of familial aggregation of 
pulmonary function* 

This report attempts to examine the 
relationship of pulmonary function 
measurements to the family, of body 
habitus relationships in the family, and 
the interaction thereof. The influence 
of a history of airways obstructive dis¬ 
ease in parents and children, smoking 
to parents and children, family size, 
and the influence of passive smoking, 
which ait possible confounding vari¬ 
ables, are examined as well 

Methods 

Data on nuclear families reported herein are 
derived from the TUcson Epidemiological 
Studies of Airways Obstructive Diseases, 
which has been described previously (It). 
The population under study is a multistage 
stratified cluster sample of white, son-Mex- 
knan-American famiLo in the lUcson area. 


where stratification was oo age of head of 
household I and on socioeconomic status. 

to the first year of this stud) (1972-197J), 
questionnaire! were completed on all sub* 
jecu. These included a respirator? history 
and a family history with a family tree. Sub¬ 
jects 12 yr of age and older completed their 
own questionnaires. Mothers, or substitutes 
if the mothers were not available, completed 
them for children younger than 12 yr of age 
(11). Comparisons of maternal and self rtr 
porting performed for smoking histories 
showed no discrepancies. A separate study 
showed no significant differences, in chil¬ 
dren I to 11, in parental versus self reporting 
of chronic symptom* 02). Pulmonary func¬ 
tion trsu were performed satisfactorily to 
over 90* of those 6 yrof age And older, 
using techniques previously described (13). 

Nuclear families were defined as families 
to which there were a mother, a father, and 
at least one natural child of the pair. There 
were 344 nuclear families of the 1,655 fam¬ 
ilies studied (approximately 25*). The 
number of subjects involved in these nu¬ 
clear families represent about 1,400 of the 
3:100 subjects to the total study population. 
There were 271 families to which both par¬ 
ents and 1 or more of their children had 
satisfactory pulmonary function measure¬ 
ments to the first year of the study. There 
were analyzed as units. We also considered 
relationship* between parent-child pain, 
spouse pain, and sibling pain. 

The presence of airway obstructive dis¬ 
ease to the children and tire parent was ob* 
ttined from the questionnaires, as was 
smoking history (for those !5 yr of age and 
older). Family size, obtained from house¬ 
hold records, was also used to determine if 
h was a confounding variable 

As previously described, aQ measure- 
menu were made by trained nurse inter- 


all measurements indicated bo signifies 
differences (11, 13). Standing height (H) i 
inches, sitting bright to inches, and wvigl 
(W) to pounds were used to calculate ti 
Pondera] Index (14), an index of body hah 
tus (La, H/W). This index had the he 
correlation with pulmonary function tea 
when compared with other indexes of boc 
habitus. 

The pulmonary function measuremes 
used were: forced riraJ capacity (FYC 
forced expiratory volume to one aecov 
(FEV t ), and maximal expiratory flows aft 
59 and 75* of the FVC had been opto 
(VmiXM and Vauti, respectively). Et 
subject’s function was first corrected f 
bright and weight, using regression aqs 
lions derived from data on asympiomr 
Bonsmokcn to this population. These a 
reeled values did not explain all effect* 
body habitus. 

Comparisons of children*! and pares 
pulmonary function variables (expressed 1 
percent predicted) ware performed; fir 
before accounting for parental body ha 
(us; these were performed before and af 
2-score transformations. The Z-scores t; 
standard normal variates: for each subje 
the ob se rved value was subtracted from t 
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group ocas and divided by the group stan¬ 
dard deviation it* ■ (a«it - X.jk)/ajk, for 
each i subject; j age group, k kx), This re* 
Biovod furtbecjc&cu of age and to and 
pve all vaJuei the tame units. All pulmo- 
ury function variables *rrt then adjusted 
fori tbe individual child's Ponderal Index 
and the paitaul PooderaJ Indexes (where 
significantly correlated with the pulmonary 
function variables) using regression tech* 
aiquca The Zncores were recalculated for 
each of these pulmonary function variables 
within each egt-so group represented in the 
parenKhild pairv The Escort technique is 
awful for looking ai specif k effects of other 
•xplinaiory variables* such as smoking. 

Familial aggregation was estimated by 
analysis of variance (ANOVA); which cor* 
responds to the intraclass c o rr e lation as 
described by Donner and Koval (15). These 
investigators demonstrated that this method 
was slightly better than the maximal likeli* 
hood estimator if the true correlation was 
likely to be less than 0 Si Both were better 
than the usual product-moment correlation 
method. They also demonstrated that dif¬ 
ferences b results with inclusion or exclu¬ 
sion of one child were minimal and nonsig* 
niftcam. The multivariate components of 
variance method of ANOVa is more useful 
than other methods of examining aggrtga* 
tion in that it gives separate estimators for 
variance components and allows usual test* 
tel of significance of those estimates. Anal* 
yies of variance were performed using the 
children's pulmonary function measure¬ 
ments as the dependent variable, using age, 
sex, smoking, and body habitus indexes of 
the children and the parents as covariates, 
with parents' pulmonary function (as con¬ 
tinuous variables) as the explanatory vari¬ 
ables (main effects) in the ANOVA. Covari- 
ates were all continuous variables except 
•ex. Main effecu were grouped into equal 
thirds. Two- and three-way interactions were 
examined. The regression option was used 
to remove covariate effecu; other main ef¬ 
fects, and interaction effecu from the con¬ 
tribution of each main factoT, using SPSS 
programs on i a DEC-10 Cyber 115 Univer¬ 
sity Computer System. In the case of nu¬ 
clear family analyses using analyses of varit 
ance, the analyses were done for all families 
and separately and for those with 2 or more 
children (13). For analysis of parent-child 
pairs, the male/female oldest child was 
used For analysis of sibling pairs, the 2 
oldest children of each sex te the family 
were used. 


FasuKa 

The characteristics of is embers of the 
nuclear families with pulmonary func¬ 
tion tests are shown in table l There 
**Tt highly significant product-mo¬ 
ment correlations of measures of body 
habitus between all children and their 
Ptrents, after adjusting for age and sex. 


tabu i 

CHARACTERISTICS OF BARENTS ANO CHILDREN 
# YEARS OS AOC AND OLDER} IN NUCLEAR 
PAMIUES WTTM PULHONANt FUNCTION 
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The linear r e gr e s sion of all tbe chil¬ 
dren's H/W»« on mothers’ H/W»" had 
a correlation (r) of 0.804 (p < 0.0001); 
with fathers, r was 0.773 (p < 0.0001). 
There were also some significant prod^ 
uct-moment correlations of the amount 
of smoking (pack-years) between vari¬ 
ous pairs, especially between fathers 
and children siblings and spouses (p < 
0.001), even though many fewer chil¬ 
dren than parents smoke. The signifi¬ 
cant correlations were between father 
and both daughters and sons, between 
siblings, and between spouses; the 
mothers-sons correlation of smoking 
was borderline (p « 0.085). There was 
no correlation of smoking with any 
of the measurements of body size or 
habitus. 

Product-moment correlations be¬ 
tween children's and parents’ pulmo¬ 
nary function measurements were sta¬ 
tistically sigm Hearn (r as much as 0.30) 
prior to adjusting for covariates. The 
most significant aggregation of a pul¬ 
monary function measurement prior to 
body habitus correction was with FVC, 
which as a volume measurement is 
most closely correlated with body habi¬ 
tus. The relationships were also strong 
and significant for FEV», but were less 
often significant for the flow variables. 


Howrver, regressions of the children’s 
percent predicted pulmonary function 
against parents’ pulmonary function 
and body habitus measurements showed 
significant correlations of the children's 
pultnonary function with the parents' 
body habitus, as well as with their own 
body habitus. After body habitus and 
age corrections, the previous correla¬ 
tions of pulmonary function variables 
between any of the pairs were no 
longer present. Thus, the relation be¬ 
tween children's lung function and par¬ 
ents' lung function is likely to be related 
to their similar body habitus. 

Despite the aggregation of asthma 
(able 2), it was not a factor in the ag¬ 
gregation of pulmonary function meas¬ 
urements when tested by ANOVA. 
Chert was no family aggregation of 
present diagnosed chronic bronchitis 
for emphysema. The presence of these 
other airway obstructive diseases In 
parents and/or children were not fac¬ 
tors in tbe relationships between pul¬ 
monary function measurements in the 
family (by ANOVA). Family size was 
•ot found to be a significant factor in 
tmxty of the analyses. Analyses of vari¬ 
ance for families with 2 or more chil¬ 
dren only, as well as for all families (1 
child or more), yielded similar results. 
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FNYftClA&^COW FIRMED EVER ASTHMA IN NUCLEAR FAMILIES 
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T ABLE 3 


CHILDREN* VOLUME AND FLOW MEASUREMENTS IN RELATION TO PARENTS* VOLUME AND 
PLOW measurements, controlling FOR OTHER VARIABLES (** ahovat 
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To Account for all of the possible 
significant covariables and interactions, 
we used multivariate analysis of vari¬ 
ance to evaluate aggregation of FVC, 
FEV„ Vmax*, Vmax, lt Each explana¬ 
tory variable was treated as an indepen¬ 
dent contributor to the dependent vari¬ 
able The results for all 4 pulmonary 
function variables were similar^ so only 
1 volume (FVC) and I flow (Vmix M ) 
variable are shown (table 3).. 

Without covariate controls or ad¬ 
justed children’s pulmonary function, 
the parents* volume measurements con¬ 
tributed significantly to the explana¬ 
tion of the children’s measurements. 
These significant relationships for 
FVC, FEV„ and Vmax M were also pres¬ 
ent after age and sex were used as co- 
variates and parental smoking was used 
as explanatory variables (uble 3). 
However, adjusting for smoking re¬ 
duced the significance of fathers* FVC 
and both parents* Vmax M . ^are&UT 
smoking was significant only % 
Vtnaxn (maternal smoking onlyV Fur¬ 
thermore, we did not find any relation 
between fathers’ or mothers* smoking 
and their spouses* pulmonary function. 

The body habitus-corrected FVC and 1 


Manus Sams tm Nmwt ima: 


Vmax M of the children as the depen¬ 
dent variables had no significant rela¬ 
tionship with any of the explanatory 
variables, where both the parents* pul¬ 
monary function variables had been 
corrected for body habitus as welli The 
total amount of variability explained in 
these analyses was significant for FVC 
and FEV, (p - 0.001). 

The analyses of variance performed 
on the pulmonary function measure- 
menu of parent-oldest child] spouse, 
or sibling pairs yielded negative results. 


There were two exceptions to this: the 
contribution of the father’s Vmax M on 
the daughter’s Vmax M was significant 
(p • 0.046); however, the total variance 
explained was not significant. As that 
only left 1 of 24 comparisons signifi¬ 
cant, mother-son FVC (p of main effect 
■ 0.028), and one might expect ap¬ 
proximately 1 of these many compari¬ 
sons (n* 24) to be significant by chance 
alone (at p <0.0S), this was considered 
a chance finding Performing the same 
analyses after correcting for smoking 
habits is the parenu and children, and 
after analyting by whether airways ob¬ 
structive diseases were present or not, 
did not change the results. 

The children’s Z-score-corrected pul¬ 
monary function variables were com¬ 
pared among smoking and nonsmokr 
tag parenu; the resuhs are shown in 
ttble 4. As can be seen, parental smok¬ 
ing did not have a significant effect on 
children Is pulmonary function; smok¬ 
ing habiu of others in the household 
(predominantly siblings) did not have 
any effect either. 

01 scuts ton 

It is generally agreed that body habitus 
is genetically determined; h certainly 
has high fimfliaJ aggregation. Pulmo¬ 
nary function variables are measure¬ 
ment! that are highly dependent on 
various characteristics of body habi¬ 
tus. Pulmonary function measuremenu 
have previously been shown to Aggre¬ 
gate in families when body habitus in 
the families was not accounted for (8, 
9). In our study, we first saw strong 
correlations between parenu* and chil¬ 
dren’s pulmonary function measure¬ 
ments, significant for FVC, FEV,, and 
Vmax*. However, when we controlled 
for body habitus in the examination of 
the relationship between parenu* and 


TABLE 4 

Z VALUES OF CHILDREN* PULMONARY FUNCTION it PARENTAL SMORINO 
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cfcildJtn’Mateoatry function me*s- 
«mnrnts t wt no longer found such re- 
Utionshipi. Thus, familial correlations 
for observed pulmonary function, «- 
pediliy FVC, were dependent on ftmil- 
iftl UfTtfitidn of body habitus, even 
after controlling for age and sol It can 
aot be construed as an ovtndjusiment 
of familial data; as the underlying fa¬ 
milial aggregation is one of body habi¬ 
tus characteristics. This is more a ge¬ 
netic effect than one of dietary ot en¬ 
vironmental effect, as shown by the * 
weaker relationship between siblings 
and the lack of a relationship of body 
habitus between spouses. 

O* the other hand, we ffid detect a 
familial relationship of asthma between 
children and partnu independent of 
socking and pulmonary function 
measures (table 2), which confirmed 
findings of Sibbald and coworkerv (4, 
5), and Tbwnley and associates (16). To 
insure that this is not strictly a result of 
reporting bias, objective measures such 
as bronchial-reactivity would have to be 
done to confirm the relationship, as has 
been done by Townlry and associates 
(16). This familial aggregation of aith* 
ma did not affect the findings for any 
familial aggregation of pulmonary 
function. 

We found also that smoking habitus 
aggregated in families but was prob¬ 
ably an environmental influence only. 
Spouses and siblings bad the closest 
relationships of smoking habits (r • 
0.29 and 0.50, respectively). Smoking 
habiu of both sons and daughters cor¬ 
related more highly with those of their 
fathers (r • 0.22 and 0.23, respectively) 
than with those of their mothers (r ■ 
0.08 and 0.03, respectively). 

Previously, we had not found a rela- 
*4iotiship between children's and par¬ 
ents' chronic symptoms by parental 
f smoking (20). When we examined ef¬ 
fects of parental smoking on children's 
pulmonary function, taking into ac¬ 
count the initial relationship between 
parental and children's pulmonary 
function, only maternal smoking was a 
ftgnificant explanatory variable, mad 


apatyJar ihmMMn (g « 0.043). Consider¬ 
ing the number of ways in which the 
comparisons were made, this one dif¬ 
ference probably was not meaningful. 
When children!* pulmonary function 
was adjusted for paternal body habitus 
as well as their own, there was no sig¬ 
nificant parental smoking contribu¬ 
tion. Alack of a relationship between 
parental smoking and children's pul¬ 
monary function, wen without correct¬ 
ing for parental pulmonary function or 
body Jubitus, had been r epo rt ed by 
Speiztr and coworkers (17, It), Schil¬ 
ling and associates (10k and Dodge 
(12). Tkger and colleagues (19) had re¬ 
ported this association, but h too might 
disappear if corrected for the family 
aggregation they found (9), and/or 
body habitus. It is possible that con¬ 
trolling for body habitus is a family 
may be controlling for other genetic 
and bon factors as well. 

Finally, we did not find any signifi¬ 
cant interaction between the smoking 
habiu of either parent smoking and 
their spouses* lung function (table 3k 
similar to Comstock and coworkers 
(21) and Schilling and associates (10), 
but different from Kauffmann and 
coworkers (22k 
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ABSTRACT. Using a staged design of air quality monitoring!, we 
followed 174 families using unvented kerosene heaters and 1 173 
families without heaters for a three-month period to evaluate the 
association between nitrogen dioxide (N02) exposure and acute 
respiratory illness rates. Environmental and health data were 
obtained through personal interview, bi-weekly telephone interviews, 
tax assessor records, and from two-week integrated N02 measurements 
in 303 residences. One hundred^twenty-one children under age 13 
were followed in this study, 59 living in homes with kerosene 
heaters and' 62 living in homes without. Initial analyses indicate 
that exposed children have significantly more days of acute 
respiratory illness than controls. Limitations are imposed by 
sample; size and by possible selection bias. 
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iwucted by copyright 


Ab.tr.ct 

Using o staged design of air quality monitoring, we followed 174 
fsallies using unvented keroeene heaters and 173 faallles without 
heaters for a three-month period to evaluate the association between 
nitrogen dioxide (JKL) exposure end scute respiratory illness rates. 
Environmental and health data were obtained through personal 
interview, bi-weekly telephone interviews, tax assessor records, and 
froa two-week integrated NO- aensureaents in 303 residences,, One 
hundred-twenty-one childrenunder age 13 were followed in this stud^, 
59 living in homes with kerosene Hesters and 62 living la hoaes 
without. Initial analyses indicate that exposed children have 
significantly sore days of acute respiratory illness than controls. 
Limitations ere laposed by aaaple aixeand by possible selections 
bias. 


Introduction 

Invented combustion In hoaes can lead to high aeblent levels of 
several air contaminants with nitrogen dioxide (ML) being the most 
notable (1). While NO- has been implicated ss s potentiator of lower 
respiratory Infections in laboratory animals (2), the epldemiolbglc 
evidence for determining unhealthy levels in humans la inconelSalve at 
this tlas. Helia si. (3,4) snd Horsy $t fl. (5) have reported 

data that suggest that children between the ages of 5 end 11 living in 
homes with gas cooking stovss had higher levels of scute respiratory 
symptoms or disease then those living in homes with electric cooking 
stoves. The range of NO, exposures measured in these studies was froa 
6-634 ug/«', The generillxablllty of these studies is limited by low 
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response rates and an overrepresentation of lower socioeconomic: status: 

j groups. 

i Relief £t all, (6,7) found no difference in illness rates between 

volunteers who lived In hoses using gas for cooking and those using 
electricity. The range of NO- exposures in their study was reported 
for a sample of homes only and was very low (22 ug/B J ), so that it was 
unlikely that any positive association could be founds The potential 
for recall bias Halts the finding of Spelter at jl. ($) that 
children living in hoses with gas cooking stoves had higher 
respiratory illness rates before age two than children living in hoses 
using electricity stovesi Dodge (9) reported that exposure to 
parental ssoklng end gss cooking wee associated with higher 
respiratory symptom rates in Arizona schoolchildren. However, hie 
sample is unrepresentative, suffered fros low response rates,, end no 
pollutant saaauraa wars sade. 

The investigation reported here was designed to determine whether 
exposure to sir contaminants emitted by kerosene space heaters, 
particularly NO., la associated with excess respiratory illness In 
children. We hypothesized that there was e positive correlation 
between NO- lbvels end acute respiratory Illness rates among 
children, nrfe identified e population with kerosene heaters where we 
could measure the household NO* exposures of children while accounting 
for many of the other potential risk factors for respiratory 
infections, such as parental smoking, presence of gee appliances, 
household size, school 1 attendance, socioeconomic status, age, and 
previous history of rtapiratory infections. 


Methods 

Study Design and Population . To allow the most precise yet 
efficient estimation of individual exposures to pollutants, s staged 
design of sir quality monitoring was enployed in a cohort study. A 
cohort of adults who bought kerosene heaters was Identified from lists 
obtained from local kerosene heater dealers in Connecticut. A control 
household was systematically chosen from the neighborhood of an 
exposed household. Neighborhood controls were selected to control 
ambient sir quality end socioeconomic status. In each household an 
index women, the oldest women residing in the house, and an index 
child (if e child lived in the househ the child nearest in age to 5 
but Idas than 13, were chosen to participate in the study. Households 
with no adiilt female present end households no longer using kerosene 
heaters were excluded from the study. 

If subjects agreed to participatet an Initial questionnaire was 
administered l Information was obtained about building 
characteristics, user heating patterns, and the health history end 
current respiratory symptomatology of the index edult end the index 
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child (If present). Subjects were then followed up by telephone [ 

bi-weekly for 12 weeks during Januery-Htrch 1963 to obtain respiratory 

symptoms for the fsmtle end the child (if present) end hotter use f 

petterns during the previous two seeks period. As described ih a 

separate poper (10) sir monitoring for NOi was conducted for at least 

one two-week period in 87.3 percent of the study household*^ The 

study population analysed here consists of 121 children under age 13l 

Fifty-nine lived in hoses with kerosene heaters; 62 lived in hoses 

without. All children were Caucasian. 

Definition of Variables . The independent variables used in these 
analyses Included: (1) demographic factors: age, ass, socioeconosit 
status [$ES< Holllngsheed Index(ll)]; (2) exposure pa resetera: number 
of minutes of gas cooking per day (total tstlaeted oven and burner 
use), number of cigarettes normally asoktd dally at hose by all 
residents, school enrollsent, type of cooking fuel # total household 
also (s proxy for density), average dally hours of kerosene beater use 
for each two-week period, one two-week average ssssuressnt of NO., In 
each residence, and (3) respiratory Illness history. "Resplrstory 
Illness history" was a continuous variable derived I by adding each 
serious resplrstory disease reported In the Initial questionnaire 
(i.e. ever had pneumonia) and the average nusber of chest colds per 
year (estimated by the mother). 

be used the reported aversgt hours of kerosene heater use during 
each two-week period es e proxy for NO, exposure. Average hours of 
haster use (by household) correlates fairly well with integrated 
average N0^ nessuresents (r • 0.70, p <0.001). The verieblb, average 
hours of heater use, wee available for each child for each of 6 
periods. 

The dependent variable need In sultlvarlite analysis, days of 
lllhessi was not normally distributed, so we dichotomised it sa one or 
sore days of Illness and no days of Illness and used linear logistic 
regression following the ntthods of Harrell 02). SA5 82.3 programs 
were used for nonparasttrlc analyses and tht linear logistic 
regression. For vsrisblas that ware normally distributed (i.e. age, 
household size, etc.)!, we computed means, t-taats, and corralationa 
using SutPac (13) on the IDHPC. 


Rasults 

Participation and Demographic Factors . Tht household 
participation rate asong the exposed group was 77.9 percent and 80.7 
percant asong tha unexposed. The loss to follow-up over the study 
period was 3.4 percant among tha exposed group and 5.7 percent among 
the unexposed. 

There were no statistically significant demographic differences 
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between the exposed and unexpoeed groups of children. Th« Men eg* of 
the chi Id ran stud lad v«s 6.8 years, the Man household six* was 4,2 
persona per household, the Man Index of SES was 43.4, sad the Man 
index of history of respiratory illness ess 2-7. 

Exposure Factors . There was sore gas cooking in the uaexpomed 
children's hones (46.5 ainutes/day) when compared to the exposed 
children's (17.5 ainutes/day), t-test«1.62, p ■ 0.07, two-tailed:; 
however, since so few children's hoMS had gas stoves (8 exposed, 13 
unexposed), there were not enough data for meaningful use in the 
present analysis. There was no statistically, significant difference 
in the Man nuaber of cigarettes smoked daily in children's Homs 
( 12.63 exposed, 12.74 unexposed). Average two-week integrated NO- 
samples were taken in 113 of the 121 chlldren't hosts in four places: 
outdoors, in ths kitchen. In s living room* and in an adult's 
bedroom. Bis Man outdoor level of NO- for exposed households was 
14.62 ug/m J (rang* 5-43 ug/ai) and 12.70 ug/e^ (rsnga 0-26 ug/m J ) for 
unexposed households. The Man-kitchen level of NO- in Homs with -, 
kerosene hesters^was 46.92 ug/a J (range 3-211 ug/m J 7 and 14.07 ug/a 
(rang* 0-80 ug/m J ) in hoees without kerosene heaters. The Man living 
rooe-level of NO- in children's hoMS with keroaen* heaters was 46.84 
ug/a J (range 3-154 ug/a ; and 10.36 ug/m J (rang* 0-63 ug/a) in 
children's hoMS without kerosene heatersi Ths mass level of X0- - 

found! in bedrooms in exposed homes was 46.82 ug/a** (rang# 3-225 □g/o'*) 
and 10.4 ug/a J (range 0-66 ug/a ) in bedrooms in unexposed I homes. The 
overall average use of kerosene heaters was 7,7 hours per day (range 
0-24 hours per day). NO- measurements in children's hoMS with 
kerosene heaters were on average 3-4 times as high as la Koms without 
heaters. 

Association between exposure snd scuts respiratory illness . 

First, in order to determine whether kerosene heater exposure had an 
association with the days of illness, nonpsrametrld statistical tests 
were applied to the dots. Children exposed to kcroMne heaters end 
children not exposed to heaters were ranked tf to the total nuaber of 
days tick over the 12 week follow-up period. A Vllcoxon rank sum test 
was performed using the t-approximation for the significance levels. 
Children living In hoaci with kerosene hatters had significantly aors 
days of illness than children living in hotel without kerosene heaters 
(t-2.14, p < 0.05). 

Next, rank correlations were carried out between all Independent 
variable* and the dependent variable* days of lllheaai There was 
little associstion between average hours of hestsr use and nuaber of 
days sick over the entire period! (Spearman correlation coefficient, r 
• 0.06, p • 0.09). Age sod history of respiratory illness ware mors 
strongly associated with days of illness (r • 0.344, p < 0.01 r • 
-0;17, p <0.05, respectively). 9 

Finally, linear logistic regression was used to determine which 
variable* were sign!flcastly associated with one or more days of 
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illness during each two-week period while adjusting for other measured 
potential risk factors., Average hours of heater use per day were 
significantly associated with days of Illness (p < 0.05) while 
controlling for type of cooking fuel, cigarettes smoked per day, 
household site, sex, age, school enrollment, and history of 
respiratory illness. Age nad a significant;, inverse association with 
days of illness (p < 0.05). History of respiratory illness was 
positively associated (;p < 0.05). SE5 was marginally associated (p - 
0.07). 


Discussion 

This initial analysis suggests that young children with a history 
of respiratory Infections are the moat sensitive to the adverse health 
affects of NCL (or keroaena heater exposure). These results tre 
consistent with previous studies that have shown that exposure to gas 
cooking has no affact on respiratory illness in women and school-age 
children (6,7), a borderline association with 5-11 year-olds (2,3,4) 
and an aaaoclatlon with the history of respiratory illness in children 
unddr 2 years(7). The effects seem to be the most pronounced in young 
age groups.^ It should be eephssired that the results presented age 
preliminary. 

These data are subject to many potential biases, some of which 
are: (1] recall bias In tens of ' reporting appliance use: [2] « - 

limited ability to generaiike from a convenience sample: (3] thaw 
publicity surrounding the safety of keroeene huterpiV[4] 
heater-owners had operated their hemtWs for it lsu^SDe Mufh^rior 
to the study; me many ns 34 potentially sensitive people were sot 
eligible because they no linger used their heaters die to odor or 
hypersensitivity, A final limitation it the wall sample site. 

Further research should concentrate on studying the association 
between NO^ exposure and younger-aged 1 children. 
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ABSTRACT. A total of 131 infants were monitored from birth through 
the first year of life for respiratory viral infection and; illness 
and evaluated for the relationship that these had to certain social 
and familial factors. The results showed no general patterns of 
association between viral infection and the study factors, but 
there were several significant individual associations. Excess 
influenza virus infection was found for black infants, infants 
with at least one sibling, and especially those with school age 
siblings. Rhinovirus infection rates were highest among girls 
attending daycare. In addition, significantly higher rates of 
lower respiratory disease (LRD) were seen in daycare infants and 
low socioeconomic infants and a definite trend to increasing amounts 
of LRD' was seen with increasing family size. Protection' from LRD 
seen in girls was apparently lost in daycare. No convincing 
differences for viral infection or respiratory illness were seen 
with parental smoking as an isolated factor. 


Source: https://www.industrydocuments.ucsf.edu/docs/tgnxOOOO 


£023379703 



NOTICE 

1Kb material may be 
pntectid by copyright 
b* (TltJc 17 U.S. CckSi). 

Journal of Epidemiology and Community Health, 1984; 38, <2-48 

(i) 

Effects of social and family factors on viral respiratory 
infection and illness in the first year of life 

GREGORY GARDNER,* ARTHUR L FRANK,* * AND LARRY H TABER* • 

From the Influenza Research Center * Department of Microbiology and Immunology , and Myers-Black^ 
Infactious Diseases Section,* Department of Pediatrics, Baylor College of Medicine, Houston, Texas, USA 


summary A total of 131 infants were monitored from birth through the first year of life for 
respiratory viral infection and illness and evaluated for the relationship that these had to certain 
social and familial factors. The results showed no general patterns of association between viral 
infection and the study factors* but there were several significant individual associations. Excess 
influenza virus infection was found for black infants, infants with at least one sibling, and especially 
those with school age siblings. Rhino virus infection rates were highest among girls attending 
daycare. In addition, significantly higher rates of lower respiratory disease (LRD) were seen in 
daycare infants and low socioeconomic infants and a definite trend to increasing amounts of LRD 
was seen with increasing family size. Protection from LRD seen in girls was apparently lost in 
daycare. No convincing differences for viral infection or respiratory iilbess were seen with parental 
smoking as an isolated factor. 


Viral respiratory illness s a major cause of morbidity 
and mortality in infancy. Children under 1 year of age 
have the highest incidence of acute respiratory 
flit ess* - * and most are apparently caused by viruses. 1 ^ 
Sodal and family factors influence the incidence of 
filtitts during infancy* - * but documented infection 
rates have been less frequently studied. For this 
reason we examined both infection and illness during 
the first year of life of 131 infants followed up in the 
Houston Family Study between 1972 and 1980. 

Materials and methods 


foi sampling of all illnesses. Diaposes were made by 
a physician, nurse, or physician's assistant. 

Records of all clinical contacts were available for 
review of Alnesses. Upper respiratory illnesses (URI) 
were categorised as afebrile, febrite, or otitis media. 
For lower respiratory disease (LRD), the categories 
were lhryngotracheobronchids (LTB), bronchiolitis, 
or pneumonia. On review, illnesses lasting more than 
two weeks could usually be reinterpreted! as two or 
more illnesses. When difficulty arose as to the nature 
or duration of an illness, the impressions of people 
seeing the child during the illness were used! 


RECRUITMENT AND MONITORING 
Central methods used in the Houston Family Study 
have been reported previously.* - * A total of 131 
infants were observed for the first year of life from 
1975 to 1980. In 1975-6 recruitment of pregnant 
women took place at Jefferson Davis, a county 
hospital; thereafter afl recruiting was from the 
community at large at an average of two or three 
families a month. The infants had blood obtained at 
birth (cord blood) and at 4, 8t and 112 months of age . 
Home visits were made every week during the 
respiratory virus season (biweekly at other times) for 
history and physical examination and to obtain nasal 
wash sped me ns for virus culture from infants. 
Additional home or clinic visits were made as needed 


LABORATORY METHODS 

Tissue cultures used for virus isolation were rhesus 
monkey kidney, MDCK, LLC-MK2, HEP-2, and 
WIOS .” u Some specimens were inoculated into 
fertilised ben's eggs.“ Serological tests included 
ha cm agglutination inhibition for influenza A and B M 
and micr one u transition for respiratory syncytial! 
virus (RSV), parainfluenza virus types 3 (pin 3),“ 
and influenza A and B. M Fourfold rise in antibody 
titre (or failure of passively acquired antibody to fall) 
was considered evidence of infectioni 

social and family factors 

Personal and family dan were obtained on 

enrolment and then recorded for each subsequent 

42 
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Social facto rs ond respiratory viruses 

ye as. Six factors were studied; sex; race, parental 
smoking, socioeconomic class, Dumber of siblings, 
and attendance at daycare. Race was white or non- 
white with the latter including blacks and Mexican- 
Americans. An infant was considered exposed to 
parental smoking if either mother or father or a live- 

_ijj jelativc *®oked five or more cigarettes a day. An 

infant was considered a daycare attender if 
attendance at a daycare facility or mother*! day out 
(sponsored by local churches) was consistent for at 
least five months. Finally, socioeconomic dasi was 
. -low" if the family was eligible for the county 
hospital or made less than $12 000 a year, “medium** 
if the family bad private medical insurance or made 
more than $12 000 a year, and “high" if the family 
bad private medical insurance, made more than 
H2 QOQayear,any one or'boihparents had attended 
at least three yean of college. 

ANALYSIS 

Viral infection'and respiratory illness rates were 
analysed for each^amily factor category. The mean 
cumber of infections or illnesses was calculated from 
the total number of episodes and reported as the rate 
per 100 child yean.Qii-square analysts was done on 
the dismbution of the data. 

Results 

From 1976 to 1980, 92 infants (induding three sets 
of twins) from 75 families were followed up. There 
were 59 whites, 24 blacks, and nine Mexican- 
Americans: Forty two per cent of the black and 
Mexican-American families were in the low 
socioeconomic group compared with 15% of the 
white families. The 39 infants studied from spring 
1975 to spring 1976 will be induded in selected 
analyses only because of socioeconomic imbalance 
(38 of 39 in low socioeconomic dass) and some 
limitation in detailed clinical information on minor or 
con-influenu A illnesses, or both, during this first 
study year. This group was composed of 13 white, 21 
black, and five Mexican-American infants. 

VlftUS INFECTION 

The figure shows the number of infections 
documented for the four viruses where serology was 
"used in addition to vims isolation. Respiratory 
syncytial virus (RSV) had the largest proportion of 
infections identified by serological methods alone 
(63%). Of 40 influenza A and IB infections (35 type A 
and five type B), 40% were identified by serology 
alone. In addition, 42% of the parainfluenza type 3 
(para 3) infections were identified by serology alone. 
The remainder of the infections shown in tables 1 and 
2 fox these four agents were identified by isolation 
alone or isolation plus fourfold serological rise. 


Table 1 shows the virus infection according to the 
selected soda!I and family factors. In general, these 
factors were not significantly reined to rates of 
proved viral infection. There were, however, some 
interesting exceptions. 

Adenovirus infection rates were significantly 
associated with the number of siblings and daycare 
attendance. Infants with one sibling had the highest 
rate of infection while those with no siblings had the 
lowest. Infants with one sibling more often attended 
daycare (4l%);when compared with those with none 
or two or more sibling infants (19% and 15% 
respectively); this may have influenced the chi square 
results. Numbers became too small when further 
analyses of daycare by number of siblings was done 
for adenovirus infection so the influence of the two 
factors could not be separated. 

Both sex and daycare attendance were significantly 
associated with rhino virus infection. Girls attending 
daycare hid a much higher rate of rhinov&rus 
infection (169) than did boy daycare anenden (50) 
or all infants not in daycare (48). In addition, 54% of 
girl dfcycare anenden had multiple infections 
compared with 20% of the boys: 77% of girls in 
dsycare had hid at least one infection compared with 
53% for all infants combined. 

Seventy four per cent of low socioeconomic dass 
infants had had at least one para 3 infection 
compared with 47% for m'edi um socioeconomic dass 
and 54% for highland this is reflected in the trend 
(not significant) m overall infection rates. None of 
the viruses considered was significantly associated 
with parental smoking for* 1976-80. A significant 
relationship was found only for RSV and smoking ' 
mothers at home (p»0-020) when 1975-6 data were 
induded. 



Evidence of respiratory syncytial, parainfluenza type 3, mud 
influenza A and B. virus infleaion in study inf ana, Houston 
Family Study ] 975—B0. Serobfical rise included failure of 
fad of passively acquired maternal antibody. 
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Table 2 Virus infection ram par 200 child yean for 232 infant* according m so, met, making. 

Number of siblings md daycare: Houston Family Study, 2976—40. 
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Table 2 Respiratory Wnen rates per 2 00 child yean for 232 in fata according so sex, race , smoking, number of siblings, and 
daycare: Houston Family Study 1976—40. 
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Table 1 shows that influenza A and 8 infection 
rates varied significantly with race. Dauf or 1975-6 
influenza A and IB infections were combined with the 
1976-80 data because surveillance of the influenza 
A/Victoria epidemic that occurred was comparable 
with later years (table 3). The significant association 


with race was also seen in 1975-80. In addition; 
significant associations were found for race and 
influenza A only (p-0*008). Seventy three per cent 
of these black infants had one or more siblings 
(11975-80) compared with 56% of white,but for 
1976-80 this was reversed (black 41% white 53%), 
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Table 3 Influenza A and B infusion me per JOO efuld 
years according to selected social and family factors, 
.2975—SO 
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Influenza A and B infection was also significantly 
edited so number of siblings as was inf3 ue& 2 a A alone 
(p-0-013). A stronger assodation was seen when 
comparing none with two or more siblings 
(p» 0*008). These relationships with number of 
siblings were not seen with the 1976-30 data only. 

Independence between race and number of 
siblings for low socioeconomic infants was suggested 
by analysing all three factors simultaneously. There 
was a trend towards increase in the rate of infection 
with number of siblings for both white and non-white 
in the low socioeconomic group; non-white infants 
had higher rates compared with white in each sibling 
.category. This was not seen in any other 
socioeconomic group or for the data as whole. Most 
influenza A and B infections (25/40), however, 
occurred in the low socioeconomic infants (mostly 
due to the A/Victoria epidemic of 1975-6) and 
numbers were too small m other comparisons. 
Regardless of bow the data were grouped, al3 
analyses comparing infants with no siblings with 
•infants with one or two or more siblings showed lower 
rates of infection in those without siblings. In 
addition to the association with number of siblings, 
70% of infants with two or more siblings had at least 
Me school aged sibling, whereas for those with only 
one, the sibling tended to be of preschool age (15% 
school aged). During the epidemic of 1975-6,38% of 


45 

the study infants had evidence of infection and 30% 
of these had school age siblings. 

tZSriRATOKY ILLNESS 

Respiratory Uinta rates are shown in table 2 
according to the selected social and family factors. In 
general, the significant relationships and interesting 
trends found were in the area of more severe iUheu. 
As shown in the first two columns of table 2, boys had 
higher rates of illness m several of the diapostic 
categories but none of these trends was significant. 
The rate of total LRD varied significantly with both 
socioeconomic class (low v high only) and daycare 
attendance, and a similar trend was noted with 
increasing number of siblings. There were indications 
that all three factors may affect total LRD 
independently. The larger families were distributed 
almost equally among all three s ocioeconomic 
classes, although low and medium classes had higher 
percentages of families with two or more siblings (low 
39%, medium 38%, high 19%). Rates of total LRD 
for infants with two or more siblings were found to be 
highest in low socioeconomic families (166 per 100 
child yean) and lowest in high socioeconomic class 
families (80 per 100 child yean). Also the low 
socioeconomic families were the least likely to send 
their infants to daycare,* Only 13% of low 
socioeconomic infants were in daycare compared 
with 28% of the medium and 35% of the high 
socioeconomic dass infants. 

Rates of total LRD for girls and boys not attending 
daycare were 69 and 105, respectively, while gfr3 and 
boy infants attending daycare had rates of 123 and 
120. Rates of bronchiolitis and pneumonia were 
essentially equal for both sexes in daycare. 

A statistically significant variation in the rate of 
LTB (» component of LRD) was also found in all 
three sodoeconomic dasses, but separate analysis of 
medium v high was found not to be significant 
(p-0062). 

N6 statistically significant relationship was seen 
between total respiratory Alness and parental 
smoking for the 1976-80 infants. Nevertheless, data 
m severe illnesses in 1975-6 were comparable with 
later years, and all six episodes of pneumonia that 
year occurred In infants of mothers who smoked 
Overall, from 1975 to 1980 there were 11 episodes of 
pneumonia and nine (82%) occurred in Mack infants 
of mothers who smoked The highest rate of 
pneumonia (25) was found in infants with non- 
employed mothers who smoked and this compared 
with a rate of 1-5 < in those with noo-employed 
mothers who were non-smokers (p-0*001). 
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~ and fill] found a higher rate of LRD among infants of 
low socioeconomic class even when controlled for 
family size (although numbers were small) and 
despite the fact that few of these infants were in 
• daycare. Factors other than medical care or family 
-—so* teem to be important influences on the incidence 
of LRD in the low socioeconomic infants. Trends to 
more infection and illness in general were present in 
this group. 

Fast studies have implicated daycare attendance as 
a cause of increased respiratory illness in children, 
especially infants. Stranger: and Lodi et al noted this 
k infants aged 6-15 months and under 12 months 
old, respectively* 1 * Vihma found annual illness 
sates in daycare compared with home to be 6*3 v 
2*5." These results are in agreement with our' 
findings. In addition, we found that girl infants in 
daycare seem to lose the relative “protection" from 
LRD observed for girl infants at home. Rates of 
serious lower respiratory disease—that is, 
bronchiolitis and pneumonia—wer equal m boy and 
girl daycare attenders. 

infants of parents who smoked in our study were 
not at greater risk for viral infection or respiratory 
Illness and even bad a lower rate of LTB. The only 
exception to this was a significant relationship 
betweqn^^ettxppfiipand^parenul^itmoking 
(cspeoall^mothers at home who smoked) only 
evident when the 1975-6 data were included. This 
effect could not be separated from the influence of 
race or socioeconomic class. Our observations are in 
contrast with those of Harlap and Davies** and 
Leeder et el} Both studies found a highly significant 
relationship between passive smoking and lower 
respiratory illness, specifically bronchitis and 
pneumonia. Methods in these studies differed 
considerably from our own; Harlap and Davies used 
dau from large numbers of infants in hospital 
whereas Leeder et al followed up a cohort of children 
by means of yearly questioniires. Although the total 
number of episodes of LRD (112 including 1975) 
experienced by the infants in our study was small by 
comparison (especially pneumonia), ascertainment 
was more direct and illnesses were well documented. 

• We are grateful to Janet Wells, PAC, and her 
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possible. Dr Abel Paredes participated in the study, 
1975-7. Excellent management of the manuscript 
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Discnarion 

In this study w* dosely monitored infests for viral 
Infections and respiratory symptoms through the first 
year of life for five consecutive yean. Since we 
stu<£ed proved viral infection regardless of illness 
and all Alnesses regardless of severity, differences In 
groups based on family recognition of illness and 
patterns of medical care were minimised. It might 
therefore be expected that for such a ubiquitous 
group of viruses and such common Alnesses the 
impact of famAy and social factors would not be 
impressive. In fact, we were unable to find any 
consistent overall relationship between respiratory 
viral infection or Alness and the soda! factors studied. 
We bad previously noted a similar lack of overall 
effect of breast feeding on viral respiratory infection 
and Alness in this same population. w Within this 
general similarity of experience among infants living 
under different conditions, however, there were 
selected findinp of interest, especially in relation to 
previous reports. This group of observations will be 
summarised and then discussed individually. RSV 
and pan 3 notably could not be confidently related to 
any of the sudy factors. The infection rates of rhino, 
influenza, and adenoviruses were all! significantly 
associated with two of the study factors but the 
strongest and dearest relationships were found i for 
influenza viruses. Respiratory illhess varied 
significantly with the study factors only when looking 
at more serious Alness categories, la portent trends 
included variation in severe illness rates with sex and 
number of siblings while significant relationships 
existed between LRD, socioeconomic dass, and 
daycare. No differences in LRD were found in 
relation to parental smoking as an isolated factor. 

RSV is a major cause of respiratory Alness in young 
children, espedally bronchiolitis and pneumonia. 11 w 
Previous studies have found no correlation between 
RSV infection and sex, race, or aodoeconomic 
dass 1 ^” although sex, low sodoeconomie dass, and 
number of siblings, may influence the outcome of 
infection. 10 ** 01 Our data also show no correlation 
between RSV infection and sex, race, or 
sodoeconomie dass, and, in addition, we found no 
assodation with daycare. The relationship to 
parental smoking must be considered questionable 
because of the limitations of the data relative to this 
virus in 1975-6. Hall ex al also found a questionable 
relationship between parental smoking and RSV 
infection so that any association continues to be 
undocumented “ Sixty nine per cent of our study 
infants had had at least one RSV infection; this shows 
the high inadtnee in this age group. 

Parainfluenza type 3 virus is also a major cause of 
LTB in young chAdren and is an important cause of 


bronchiolitis and pneumonia in infants and 
chAdren, 11 but the influence of social and famAy 
factors have been little studied. Our results show a 
higher inddence of initial infections among infants of 
low socioeconomic class but no significant 
assodation with any of the factors studied. Fifty five 
per cent of the infants bad had at least one 
parainfluenza 3 virus infection. 

Our study indicates that for influenza viruses 
(particularly type A) both race and number of 
siblinp influence the rate of infection. Kim ex al' 
found that a larger percentage of black infants 
(espedally boys) in hospital for respiratory Alness 
during 11 influenza epidemics had influenza A virus 
infection,* and our very different approach also pve 
indications that blacks are at a greater risk for 
influenza A infection: The effect of race on influenza 
infection was not influenced by famAy size or 
sodoeconomie dass even though a Urger number of 
non-whites were in the low sodoeconomie dass. The 
present data also point to older siblinp, particularly 
school age chAdren, as introducers; infants were 
more likely to be infected if they had school aged 
^ siblings in the borne. This was especially true during 
’the epidemic of 1975-6 as previously reported’ and 
has been observed by others. 00 Hall et al found that 
•preschoolers were more often responsible for spread 
of infection within the famAy based on age-specific 
infection rates, but they noted that infection rates 
based on a fourfold serological rise rather than the 
twofold rise they used would have shifted the highest 
age-spedfic infection rates to school age duldren * 

Rhinovinus infection rates were found to be 
influenced by sex and daycare attendance. In both 
instances the reason appeared to be a high rate of 
infection in girls attending daycare for which we have 
no explanation. 

Variation in Alness with soda] and family factors 
was generally restricted to LRD rates and most of the 
findinp reported previously also refer to LRD. Boys 
have been shown to have higher rates of LRD 
compared with girls* 0 " 10 at least to the age of 6. 
Although we found that the difference berween boys 
and girls was not significant for LRD* the ratio of 
Alness, espedally when looking only at non-daycare 
menders, was very dose to the 60:40 ratio founds 
by Gardner. 0 The presence of siblings has also been 
shown by previous studies to affect the seriousness 
and number of Alnesses. 010 We were unable to show 
that the difference in ill ness rates between number of 
siblings was significant for LRD but the trend was 
very suggestive. 

Low sodoeconomie status has been thought to 
influence the rate of respiratory Alness by means of 
overcrowding, Urge family size, and inadequate 
medical care. 0 * We provided uniform medical care 
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ABSTRACT. A CHESS data base from Chattanooga, Tennessee was 
thoroughly scrutinized and found to be of high enough quality to 
warrant epidemiological analysis. Using this data base, the 
relationship between N02 ambient pollution levels and acute 
respiratory disease in children was examined. Although a 
statistically significant relationship was found, it was not 
monotonic. Indeed, over the range of pollution values experiences, 
more illness is associated with low pollution values than with 
high ones. A U-shaped relationship between illness and N02 
concentrations was found in several subpopulations in addtion to 
the entire data set, although for some subpopulations no 
relationship was found. In contrast, higher ambient sulfate levels 
were found to have a positive effect on acute respiratory disease 
incidence in children over the entire period and for different 
subsamples, although this effect was not significant for either 
season analyzed separately. 
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Short-Term Nitrogen Dioxide Exposure and Acute 
-Respiratory Disease in Children 
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A CHCta 4eU beee from Chattanooga, T anwoaote was thoroughly 
•enUMied and found to be of W^t enough quotty to warrant 
ag W s mtol b g l f l analysis. Using this dots beee, Ihe retotiomhip 
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tween Maoa and NOt concentrations wee found In several aubpn 
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ont aubata levels wore found te have a pooUfrrs effect an acute 
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Ollhor aaeoon analysed separately: 


Since the passage of the Clean Air Act in 1970^ several epide • 
miological studies have attempted to associate morbidity 
with indoor and outdoor exposure to nitrogen dioxide (NO 2 ). 
The indoor, so-called gas stove studies 1 ' 7 produced mixed 
and inconclusive results in their attempts to link health 
impairment to the presence of a gas stove or gas hea ter in the 
home. Studies of the health effects of outdoor NO? expo¬ 
sures also have failed to find consistently significant health 
affects at ambient exposure levels. 1 " 11 

In an analysis of people living in Chattanooga, Tennessee, 
conducted under the Community Health and Environmen¬ 
tal Surveillance System (CHESS) program; Shy and Love 12 
were able to link N0 3 exposures and acute respiratory dis¬ 
ease. However, several problems have been raised about this 
study. The researchers have bean criticized for uaing rudi¬ 
mentary statistical techniques, consisting mainly of pairwise 
comparison of illness incidence rates in subpopulstions. In 
addition, the data base has been tainted by its association 
with the controversial CHESS program. 13 (The earlier 
CHESS Chattanooga studies were also criticized for using s 
subsequently discredited method (Jacobs-Hochheieer) for 
monitoring NO? concentrations. However, by 1972 the Salu- 
man technique was being used.] Yet EPA has found the 
Chattanooga data to be accurately transferred from the sur¬ 
veys to the computer tapes and our own research has re* 
vealed the data quality to be at least as high as other similar, 
but much less controversial data bases. 

The lack of persuasive epidemiological studies upon which 
To base a national ambient air quality s tandar d for nitrogen 
dioxide motivate the present paper. Here we return to the 
CHESS aerometric and health data bases collected during 
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1972-73 in Chattanooga and used by Shy and Love to exam¬ 
ine the relationship between NO? and acute respiratory dis¬ 
ease in children. We first describe and defend the CHESS- 
Chattanooga data base and the statistical model! used to 
examine it. We then present our mult* and discuss a num¬ 
ber of econometric issues and their relationship to our find¬ 
ings: 

The Data ftaag 

In January 1972, a self-administered survey on chronic 
respiratory disease (CRD) was distributed! to families with 
children in elementary schools in one of the three ChatUr 
noogi communities, Harrison, Brainerd, and Redbank, lo¬ 
cated within one mile of an air pollution monitoring station. 
A subsample of families—1970 parents and their children, 
4698 individuals in all—was drawn from this sample to par- 
ticipste in an acute respiratory disease (ARD) panel survey. 
Information was taken in two-week intervals (always begin¬ 
ning on a Sunday) over three school semesters from spring 
1972 through spring 1973. Each family was phoned within 
several days after the end of each two-week period to deter¬ 
mine if any family members experienced various acute respi¬ 
ratory disease symptoms or consulted a physician. 

Aerometric data were gathered at seven sites. Hourly mea¬ 
surements of NO? were taken using the Saltzman chemilu¬ 
minescence technique only for the fall 1972 and spring 1973 
study periods. Thus, we eliminated data for the spring 1972 
period from our analysis, Chattanooga was chosen as a site 
for an NO? study because it featured a TNT plant emitting 
large quantities of nitrogen-based pollutants. This plant 
closed January 1,1973, resulting in reduced NO? concentra¬ 
tions in the nearby communities, Daily readings were taken 
on particulates, nitrates, and sulfates. These daily readings 
were reduced to monthly frequency distributions. Unfortu¬ 
nately, the original daily data were unavailable from EPA. 
and we have been forced to use the monthly frequency distri¬ 
butions for the latter three pollutants. 

The Chattanooga health and aerometric data collection 
effort of the early 1970s and the CHESS program in general 
have been criticized (Rbth 14 ) for their poor survey protocols, 
health date inconsistencies, and aerometric data unreliabili¬ 
ty Krupnick and Harrington 15 provide a complete reanaly¬ 
sis of these data and find, first, that the survey protocols 
were carefully designed and observed^ In addition, responses 
to identical sociodemographic questions on the CRD and 
ARD surveys were found to be quite consistent. Also, the 
NO 2 monitoring data were found to be reasonably complete, 
generally consistent, and taken by devices that generally 
outperform other types of monitors in the lab. 

Further, because a duplicate CRD survey was adminis¬ 
tered to some of the participant* 22 months later, we were 

SJyJSL ISM-Air Patotta Gama* Ammim 
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able to identify inconsistencies intertemporaliy Drawing on 
responses from 948 parents and considering only the ques¬ 
tions concerning age, race, birthdate, education, and smok¬ 
ing status, over 80% of the parents had matching responses 
over the two surveys, These results compare favorably to 
similar investigations of tha U.S. Census and other highly 
regarde d data baaaa. 1 * 17 

In the course of our examination of the quality of this daU 
base we noted a number of recall-related problems inherent 
in the survey procedure. Thee# problems may also be present 
in parts of other surveys, such as the Health Interview Sur¬ 
vey (HIS); that rely on biweekly interviews to collect acute 
respiratory disease data. These problems are discussed in 
some detail elsewhere, 1 * but the main points may be summa¬ 
rized as follows: 

1) Respondents have imperfect recall of tha day or even 
week of onset of illness. For example, over 60% of illnesses 
reported were said to have occurred in the second week of 
the recall period] a result significantly (a - 0.01) different 
from the uniform distribution one would expect Apparently 
respondents either forget (presumably minor) illnesses oc¬ 
curring in the fust week, or they remember disease onset as 
occurring later than was actually the case. 

2) When average duration of reported illness is plotted as 
a function of day of onset during the two-week period, a 
linear decline is found during the second week of the period, 
with average duration at the end of the week barely half of 
average duration at the beginning. The moat likely explana¬ 
tion is that illnesses extending past the end of the period are 
not reported accurately, even though interviewers were in¬ 
structed to identify such illnesses and ask about them at the 
end of the next reporting period. If this explanation is cor¬ 
rect. the truncation of restricted activity days imparts a 
downward bias to illness severity. 

3) i In other panel studies it has been suggested that re¬ 
spondents may, over time, progressively under-report illness 
simply because they become tired of doing interviews. If 
pollution levels are time-dependent, the study results may 
be biased accordingly We found little evidence of this phe¬ 
nomenon. On the assumption that lets serious illnesses could 


Table I. Descriptive statistics (IN - 2093>j 


Variable 

Maas value or 
population fraction 

NEWILL 

0.13 

RADS 

0.21 

AGE 

7.7, 

Age distribution 

0-2 

0.09 

3-4 

0.08 

5-6 

0.16 

7-8 

0.23 

0-10 

0.25 

11-12 

0.19 

RACElW 

0.91 

CHESTINF 

0.28 

CHRON 

0.07 

Education of household head 
High school graduate 

0.71 

Attended some college 

0.45 

MOMHEAD 

0.05 

Mother*' smoking status 

Current 

0.32 

Ei- 

0.15 

Non- 

0.53 

CROWD 

1.30 

SEXlF 

0j48 

GAS 

0j06 

RAIN 

2.70 

TEMP 

18,20 


Table II Pollution autistic* 



Mean 

Standard 

deviation 

Correlation coefficient, 
PAR90P SUL90P TEMP 

N02MAX 

98.0 

48.3 

-010 

0.20 

-009 

PAR90P 

1006 

314 


—0j027 

0 34 

SUL90P 

10.0 

2.7 



-0 036 


be more likely to be neglected: ws regressed the ratio of 
“serious’* to total illneaa incidence on time, and found no 
trend. 

These finding* affected our subsequent data analysis in 
two ways. First no attempt was made to use time intervals 
shorter than two weeks, even though the sample could be 
reduced to weekly or even daily observations: Second, we 
concentrated on the incidence of illness rather than dura¬ 
tion, inasmuch as ws felt the former to be more reliable. 


The Model 


To identify the factors affecting reported children's dis¬ 
ease, ws use pooled cross-section time series models predict¬ 
ing illness incidence or duration as a function of demograph¬ 
ic, pollution, and waather variables. Symbolically, the mod¬ 
els are of the form 


Si/t " Pjti W t ) + (,y ( 

wher t Sijt ia the reported incidence or duration of the ill¬ 
ness of the ith child in the ;tb neighborhood 
during period f, 

Xij is a vector of personal variables for the ith child 
in theyth neighborhood, 

P Jt is a vector of pollution variables for the >th 
neighborhood in period f, 

W t is the weather in period t, and 
(iyi is the disturbance term. 


The independent variables are defined as follows: 

AGE: the child's age at the beginning of the school 

year. 

RACElW: the race of the head of household; 1 if white. 0 

if nonwhite. 

CHESTINF: 1 if the child has suffered a respiratory infec¬ 
tion within the past three years. 0 otherwise: 


CHRON: 1 if the child suffers from asthma or a chronic 

heart or lung condition, 0 otherwise. 

EDU: the years of schooling com pie ted by the head 

of household. 

MOMHEAD: 1 if the household head ia female, 0 otherwise. 

SMKPPD: mother's smoking in packs per day, 

CROWD: number of household members divided by 

the number of rooms in the house. 

SEX I F: sex of child; 1 if female, 0 if male. 

GAS: 1 if the kitchen stove ia gas, 0 if electric. 

RAIN: amount of rainfall during the period, in inch- 


EPIDEM: 

TEMP: 

M02MAX: 

PAR90P: 

SUL90P: 


monthly influenza cases reported by the 
State of Tennessee (in thousands), 
the absolute difference between the average 
temperature during the period and 65*. 
average daily maximum concentration of 
NQ 2 , in Mg/xn 3 . 

90th percentile total suspended particulate 
concentration during the month, in Mg/m 3 . 
90th percentile sulfate concentration during 
the month, in **g/m 3 . 


As noted above, two dependent variables are considered: 
illness incidence (NEWILL), which is 0 or 1 according to 


1M2 


Jdumai of tha Air PoHuddn Control Association 
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Table III. Predicting illness incidence in population subsampie* * 


* 

A 

B 

c 

D 

Children 

E 

F 

G 

H 

I 


Alii 

Children 

Children 

without 







children 

with 

with 

chrome 

Children 

Children 





12 and 

nonsmoking 

smoking 

respiratory 

with 

6 and 


Fall only 



under 

mothers 

mother* 

disease 

CRD 

under 

Infants 

Spring only 

Intercept 

TK55TT 

0.064 

-0.0197 

0052 

0.098 

0.037 

0.1511 

0.161 

0J016 

(00503) 

(0.059) 

(0.091) 

(0.056) 

(0.095) 

(0.10) 

(0.21) 

(0.113) 

(0.075) 

N02MAXL 

-8.87,F< 

—6.10E-4 

-13.5E-4 

—6.4 E-4 

—13:6E-4 

—8 44E.4 

-12.5E-4 

0.26E-4 

-ISjOE-4 


<2.05E4»' 

(2.46E-4) b 

(3.71E-4)' 

(2.3E-49* 

(4.0E-4)' 

<4.lE-4t b 

<8:7E-4) 

(4.3E-4) 

(2-9E*4!)‘ 

N02MAXH 

1.71E-4 

2.19E-4 

-57E-4 

2.3E-4 

•51E-4 

2 41E-4 

5.2E-4 

0.06E-4 

395E-4 


(0.68E.4l b 

<0.78E-4!l t 

(1.46E-4) 

<aL13E-4!> k 

(1.34E-4) 

(1.89 E-4) 

(2.55E-4) k 

(0 78E-4) 

(2.0IE-4) b 

PAR90P 

B.88E-4 

6 69E-4 

14.3E-4 

11.4E-4 

4.00E-4 

12.1 E-4 

13.0E-4 

28.1E-4 

134E-4 


(6.08E-4) 

(7 4E-4) 

(10.8E-4) 

(6.8E-4) 

(12E-4) 

01.9E-4) 

(24E-4) 

(15E-4) 

(9.1E-4) 

PAR90P2 

—0.053E-4 

—0.044E *4 

—OJ075E-4 

-0.058E-4 

-0:04 IE-4 

-0.066E-4 

0045E-4 

—0.146E-4 

—0J056E-4 


(0.02SE-4) 1 

(0.03 Em 

(0.048E-4) 

(0.031E-4) 

(0.0555) 

(0.054) 

(0.11E-4) 

(0:074£-4) 

(0.039E-4) 

SUL90P 

135E-4 

1I7E-4 

191 E-4 

89.8E-4 

231E-4 

128E-4 

219E-4 

-156E-4 

95.3E-4, 


<45.9E-4>< 

(64E-4» b 

(87E-4) b 

(53E-4) 

(87.8E-4)' 

(90E-4) 

(l»SE-4) 

(217E-41 

(65.7E-4) 

SUL90P2 

-5.54E-4 

-4.81E-4 

-7.91 E-4 

-3.67E-4 

—9.36E-4 

—5.46E-4 

-U.6E-4 

6.76E-4 

-3:38E-4, 


(1.72E-4>' 

(20E-4>‘ 

(3.32E-4) b 

(1.97-41 

(3.24E-4)' 

(3.3E-4) 

(7.5E-4) 

(9J9E-4) 

(2.2E-4) 

AGE 

—00135 

-0.0165 

-0:0252 

-0022 

-0:010 

d 

e 

-0.0207 

-0:0164 


(0.00341‘ 

(0.0042 r 

(0.0057,)' 

(0.0037)' 

(0.00711) 



(0.0047)' 

(0.0048)' 

AGE2 

7.53E*4' 

514E-4 

14.9E-4 

8.99E-4 

3J32E-4 

d 

e 

8.71E-4 

6.4E-4 


(2.44E-4)' 

(3.0E-4) 

(4.2E-4I* 

(2.66E-4)' 

(5.27E-4!) 



(3:47E^t* 

(3.46E-4) 

CHEST! NF 

0.0475 

0.0495 

0:044 



0.071 

0.103 

0.046 

0:048 


(0:010 k 

(0012)' 

(0.018)' 



(0.019 )f 

(0:042 ) b 

(0:014)' 

(0 015)' 

CHRON 

0 044 

0.0390 

0J052 



0.036 

0.003 

0.036 

0:052 


<0:0059 K 

(0.0071)' 

<0.01!ll)' 



(0.011)' 

(0:024) 

(0.0083)' 

(0.0084)' 

CROWD 

0.0184' 

0.0163 

OJ018 

0.019 

0.011 

0.037 

0.029 

0.022 

0:0156 


I0J00T3 ) b 

(0.0090) 

(0013) 

(0.0083 ) b 

(0.0141) 

(0.-017)** 

(0.715) 

<0:010) b 

(0.010) 

EDV 

-0.0012 

-0 0045 

0:0056 

-00016 

-0:0060 

-0.0029 

-0.0031 

-0.00028 

—0i0024 


(0.0021) 

(0.0028) 

(0.0039) 

(0.0025) 

(0.0095) 

(0.0046) 

(-0.315) 

(0.0031) 

(0.0032) 

EPIDEM 

0.072 

0.089 

0036 

0.055 

0:099 

0.064 

0.059 

-0.23 

0:098 


(0.011)? 

(0 013)' 

(0.019) 

(0.012)' 

(0.021!)' 

(0.022)' 

(1.31) 

(00851' 

(0.017,)' 

SEXlF 

0 0076 

0.0083 

0.006 

0.0066 

OjOU 

-0.0080 

0.0027 

0.0021 

0:012 


<0.0052) 

(00063) 

(0.0092) 

(0.0058) 

(0.010* 

(O.Oll)i 

(0:023) 

(0.0072) 

(0.00711) 

SMKPPD 

-0.0013: 


0.0019 

-0.0027 

0J0021 

-0.0050 

-0.0058 

0.00126 

-00037 


(0.0020) 


(0.0049) 

(0.0023) 

(0.0036) 

(0:0040) 

(0:0086) 

(0.0028) 

(0.0028) 

GAS 

—0 020 

-0.044 

0.012 

0.0044 

-0.061 

-0.057 

-0.070 

-0.0012 

-0:036 


(0.012) 

(0:015)' 

(0.019) 

(0.014) 

(0.021)' 

<0:026 ) b 

(0.061) 

(0.016) 

(0.016 ) b 

RAIN 

-0 0056 

-0.0068 

-0.0027 

-0.0050 

-0.0060 

-0 0054 

0.0019 

-0.019 

-0.0027 


<0.0016 i c 

(0:0019)' 

(0.0027) 

(0.0017)' 

(0.0031) 

(0.0032) 

(0:0064) 

(0.0053)' 

(0.0020) 

TEMP 

0 0022: 

0.0021 

0.0025 

0.0020 

0:0026 

0.0029 

0.0015 

0.0018 

0.0026 


(0.0004UK 

(0:00046)' 

(0.00072)' 

(0.00045)' 

(0.00081)' 

(0:00082)' 

(0:0018) 

(0.00086 ) b 

(0.00066)f 

RACE1W 

0.056 

0.039 

0.073 

0.051 

0:060 

0.059 

0.087 

0.034 

0075 


(0.0090)' 

(0:012)' 

(0.141' 

(0.0095)' 

(0.019)' 

(0.017 If 

(0039 ) b 

(0 013)' 

(0.013)' 

S 

16474 

111497 

4977 

11557 

5246 

5108 

1387 

8176 

8296: 

F 

25 5 

19-7 

6.83 

15.29 

833 

568 

1.84 

8.37 

22:5 

W 

0 0286: 

0030 

0.033 

0.022 

0:026 

0.027 

0.025 

0.019 

0:049 


* Standard errora in parentheses 
b Significant at the 5% level. 

' Significant at the 1* level] 

4 AGE and AGE2 were replaced by dummy variables AGEONE ( -1 if AGE • 1.0 otherwise) and AGETWO. 
•AGE and AGE2 were replaced by dummy variables AGEONE through AGESIX, 


whether the child it reported ill during the two-week period 
in question; and duration of restricted activity (RADS), 
which takes an integer value between 0 and 14. 

Tables I and II provide descriptive statistics on these 
variables. Note the low number for mean RADS, indicating 
the large percentage of observations with a zero value for this 
variable. Correlation coefficient* between each of the pollut¬ 
ant* and temperature are also provided. Note that correla¬ 
tion* between pollutants are all quite low. We searched for 
more complicated patterns of colUnearity by using the diag* 
nostic tests 1 * provided with the SAS regression package. 
T^ese tests failed to reveal any serious collinearity problems 
involving any of the independent variables. 

We relied primarily on a linear probability model for our 
anal>Tis. using ordinary least squares (OLS) as the estima¬ 
tion procedure, the results of which are presented below. 
However, the OLS model requires a number of assumptions 
of questionable validity for the current problem* We discuss 
later the effects of these assumptions on the outcomes. 
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Rttulta 

Table HI shows the results of the regressions predicting; 
illness incidence. Column A give* the results for the entire 
sample of children aged 12 and under. The remaining col¬ 
umns show results for s number of subpopulations; we used 
these results to examine the stability of the coefficients and! 
to identify populations especially sensitive to the pollution i 
variables. Thus, Columns B and C give results for children of 
mothers who do and do not smoke, and Columns O and E 
give results for children with and without chronic respira¬ 
tory disease or a history of respiratory ailmenta. In Columns 
F and G we examine the illhess incidence in younger chil- 
dren. Finally, in Columns H and 1 we divide the sample into 
fill (October-December 1972) and spring (January-April 
1973!) time periods. 

The specification of the NO; variable was piecewise linear, 
with a break at 100 Mg/m 3 ; This specification was the best of 
all those examined] In Table III N02MAXL and NO-- 
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2023379714 




2MAXH refer, respectively, to average daily maximum con¬ 
centrations below and above 100 Mg/m 3 . A* shown, for NO* 
2MAX concentration! below 100 Mg/m?, illhesa probability 
falls relatively sharply as N02MAX increases. Above 100 
illness probability gradually increases with NO* 
2MAX. but the illness rats at the highest observed two*week 
maximum concentration (3&4 Mf/m 3 ) is less than that at the 
lowest observed concentration (27 Mg/m 3 ). The clinical liter* 
ature gives no reason why a dose*response function should 
have these characteristics. 

In the subsamples (Columns B to I), the above relation¬ 
ship between N02MAX and illness is replicated for children 
with nonsmoking mothers and children without a history of 
respiratory disease. For both preschool age children and 
infanta; the coefficients were similar although not always 
significant. However, for children whose mothers smoke or 
have s chronic respiratory condition, N02MAXH has virtu¬ 
ally no effect. Finally, when only fall periods are examined, 
N02MAX is not related to illness at all. 

These exceptions did not increase our confidence in the 
results. The first two exceptions suggest that a “sensitive 
population** for NO) is healthy older children of nonsmoking 
mothers. If so, perhaps the presence of a chronic condition 
swamps the small NO) effect Likewise, perhaps for children 
exposed to parental smoking an additional NO 2 effect can¬ 
not be detected. One problem with this explanation is that 
we found no adverse effect of mother's smoking on children's 
health. As for the absence of an NO) effect in the fall, we note 
that the prevalence of illness in that season was relatively 
low in any event If the effect of NO 2 is to reduce resistance 
to disease, we might expect to find no NO 2 effect when little 
disease is present in the community. Such speculation not¬ 
withstanding, we Have not found an effect from NO) that is 
supported by clinical evidence or that is present in all popu¬ 
lation subgroups , 

For sulfates and particulates the best fits were obtained 
for the 90th percentile of two-week concentration and a 
quadratic specification, with a positive linear and negative 
square term. The paniculate results were reasonably consis¬ 


tent across subpopulations: but rarely significant at the S'V 
level. Moreover, the various functions were such that the 
effects of particulktes on illness were negative at concentra¬ 
tions below 80-100 Mg/® 3 , which is near the average 90th 
percentile concentration. That is. oven much of the relevant 
range the particulate variable is inversely related to illhess: 

The coefficients for sulfates are significant for the entire 
sample, but not for the fall and spring semesters separately; 
For falli the coefficients enter with signs and reverse of all 
other subaamples, but the t -values are very small! For 
spring, the coefficients are similar to coefficients in other 
equations but the r-values still are not significant For the 
population subaamples the aulfate coefficients are stable 
and significant except for infanta, where, as we have noted, 
sample sixes are much smaller and an effect of population on 
health would be correspondingly more difficult to identify. 
The inconsistent seasonal results may be related to using 
weighted averages of monthly summaries of daily readings 
instead of two*week averages, which were unavailable for 
particulates and sulfates. 

Turning briefly to the other explanatory variables, the 
moat statistically significant and robust results were for vari¬ 
ables that one would expect to be associated with respiratory 
disease: age, a history of chest infection, presenceof a chronr 
ic condition, the extent of crowding in the homeland outside 
temperature. Not only were these variables almost always 
significant, but the coefficients were stable across subpopu^ 
lations. The coefficients for CHRON (presence of chronic 
disease); for example, varied between 0.036 and 0.052, ex¬ 
cept in the equation for infanta, and indeed very few infants 
in the sample were diagnosed for a chronic disease. The 
EPIDEM variable was also generally significant but in the 
fall the sign was negative, a result we believe to be fortuitous, 
inasmuch as the variable was very small in absolute value 
during that season. 

For two other variables, RACElW and!RAIN, the results 
were stable and significant. White children consistently re¬ 
ported more new illness than nonwhites We also found a 
consistent inverse relationship between the amount of rain- 


Table IV. Comparison of specifications of NO? variable* in equations predicting illness incidence " 



A 

B 

C 

D 

E 

F 

G 

N02MAX 

1.4E-6 

-3.5E-4 

—21.7E-4 






(56.8E-6) 

(1.82E-4)* 

<4.37E-4'»< 





N02MAX2 


0.009E-4 

11.3E-6 







(0.0045E-4) 

(2.31E-6)' 





N02MAX3 



-1.59E-8 

<0.35E-8>‘ 





NO2MAXI0-T5I 




-19E-4 

-21E4 







(4.63Er4l» e 

(4.88E-41' 



M02MAX<75-1501 




-0.16E-4 

(0.94E-4I 




N02MAX(75-100) 





-0.28E-4 

(0.80E-4) 



NO2MAXU0O-150) 





112E-4 

(1.1E-4I 



M02MAX0150) 




1.7E-4 

0.56E-4 







(1.15Et4^ 

(1.19E-4I 



N02MAX(0-100) 






-8.9E-4 

(2.05E-4)' 


N02MAX01001 






17E-4 

(0.69E-4I* 


N02AVG(0-50t 







—9 4E*4 

44 \\E-A)P 

N02AVG050) 







1.96E-4 

(3.8E-4) 

F 

25.8 

24;7 

24.5 

24.0 

23.2 

255 

24 7 

R* 

0J0274 

0.0277 

0.0289 

0.0281 

0.0288 

0.0286 

0.027B 

S 

16474 

16474 

16474 

16474 

16474 

16474 

16474 


* Standard errors in parenthe 

* Significant at the 5% level 

* Significant at the 1% level. 
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Table V. Croat section ume tenet regre***^.. *.v„. 

• illness incidence snd restricted activity, days:.full sample v*. 
sample consisting of one child per family,* 


Variable 

Illness incidence 

Restricted activity days 

— rai 

•ample 

sample 

FuF 

•ample 

5ub- 

aemple 

Intercept 

0.0512 

-00016 

0346 

0.275 


(0.06) 

(0.73) 

(0t35)‘ 

(0.20) 

N02MAXL 

-887E^4i 

-7J8E-4 

—25.QE-4 

-28.7E-4 


(2 05E-4)« 

(19E-4)' 

(56E-4I' 

(8.3E-4)' 

N02MAXH 

H71E-4 

1.39E-4 

4.4E-4 

6.22E-4 


<(168E-4)‘ 

(0.99E-4) 

(1.86E-0* 

(2.8E-4)* 

PAR90P 

8.88E-4 

17.8E-4 

-1B.3E-4 

9.80E-4 


(6.08E.4I 

<86E-4) k 

(16.6E-4) 

(24.SE-4) 

PAR90P2 

-0.QS3E-4 

-0.068E-4 

0.064E.4 

-0.04 E-4 


(0.028E-4) 

(0.040E-4)* (0J075E-4) 

(0.099) 

SUL9QP 

13SE-4 

107Et4’ 

212E-4 

73.3E-4 


(45.9E-4V 

(66E-4) 

(126E-4) 

(1B5E-4) 

SUL90P2 

-5ME-4 

-4.73E-4 

-9.3E-4 

-4.26E-4 


(1.72E.4)' 

(2.SE-4I 

(4.7E-4) b 

(6.9E-4) 

AGE 

—0.0165 

-0020 

-0.045 

-0.044 


(00034)' 

(0.0049)' 

<00092) e 

(0014V 

AGE? 

7.53E-4 

854E-4 

20.9E-4 

19.1 E-4 


(2.44E-4)' 

(3.6E-4)* 

(6.7E-4)' 

(10.0E-4) 

CHEST1NF 

0 0475 

0.053 

0.178 

0.196 


(0.010)' 

<0:015V 

(0.028)' 

(0.042V 

CHHON 

0 044 

0.047 

0:099 

0.110 


(00059 V 

(0.0064 V 

(0.016)' 

(0.023 V 

CROWD 

0.01I&4 

0:018 

0.019 

0.0080 


( 000 : 31 * 

(0.010) 

(0.020) 

(0:026) 

EDU 

—00012 

0.0028 

-0.0087 

-0.0023 


(0.00211) 

(0.0032) 

(0.0061) 

(0.0088) 

EPIDEM 

0 072 

0.080 

0.228 

0221 


(0.011)* 

(0 0151* 

(0.0291' 

(0.042V 

SMKPPD 

—0.0013 

-0.0039 

0;0004 

0.0086 


(0:0020) 

<0 0028) 

(0.0050) 

(0.0078) 

GAS 

-0.020 

-0:0021 

-0.037 

0.0021 


(0.012) 

(0.0016) i 

(0.032) 

(0.045) 

RAIN 

-0:0056 

-00049 

-0.0037 

0:0025 


(0.0016 V 

(0:0022) b 

(0.0043) 

(0.0061) 

TEMP 

0.0022 

0.0020 

0 0029 

0.0030 


(0j00O4) c 

(000057V 

(0.0011V 

(0.0016) 

RACEIW 

0.056 

0.065 

0:127 

0.136 


(0 0090V 

(0.014V 

(0.025 V 

<0:038V 

SEX1F 

0.0076 

0:0094 

0.023 

-0.0039 


(0.0052) 

(00074) 

(0014) 

(0.02:1) 

S 

16474 

8158 

16474 

8158 

F 

255 

13.6 

205 

106 

R 7 

0.0286 

0.031 

0:023 

0.024 


•Standard errors in parentheses 
% Significant at the 5% level 
• Significant at the 1% level 


falli and the incidence of illness in a two-week period, al¬ 
though the magnitude varied by a factor of six between fall 
and spring: Again, we have no explanation for this result. In 
addition, the presence of a gas stove in the house appeared to 
be unrelated to diaeaae incidence. Few significant results 
were obtained, and for those that were significant the sign 
was contrary to expectation. As only 5% of the households 
cooked with gas, thaae generally inconsistent results are not 
particularly surprising. 

Other covarietea had virtually no explanatory power, and 
were rather unstable serosa subpopulktions; educational lev- 
dlbf head of house hold, sex. and mother's smoking status. In 
particular, we found!that a mother's smoking in the home 
tras unrelated to acute respiratory disease incidence of her 
jfchildren. However, this should not be too surprising in view 
r of the contradictory findings on the health effects of passive 
J amoking, 19 

An analysis was also carried out for illness duration as the 
dependent variable In this case the dependent variable S i;< 
took an integer value between 0 and 14* OLS estimates 
predicting illness duration were very simiUr to the rtsulu 
presented above; that is, independent variables that were 
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alsO'Signiucaiu r 

However;, OLS estimates of truncated variables are inconsis¬ 
tent as well as inefficient, 20 so it is especially important to 
compare the results to those of s more suitable estimation 
procedure Thus, illness deration was also investigated using 
Poisson regression; and the comparison between Poisson 
and OLS is discussed below. 

fcoma Srobtsm of Esttmttbn 

A pervasive problem in the estimation of the effects of air 
pollution on illness is that information on personal exposure 
to pollutants is rarely available. Researchers have been 
obliged to uae ambient monitoring data as a proxy for per¬ 
sonal exposure, and our study is no exception to this rult 
Nonetheless, every child in our sample lived and attended 
school within a mile of a monitoring site, a relatively tight 
radius compared to most similar studies. 

Besides this measurement difficulty, there were several 
major econometric problems. These problems arose primari¬ 
ly from our desire to use a linear probability model and OLS 
as the principal estimation procedure. Convenient though it 
may be^ the OLS model requires a number of assumptions of 
questionable validity for the current problem. The question 
we now examine is whether these refinements make much 
difference to outcomes. 

The first problem is that the dependent variable S l}l is 
limited to the values 0 or 1 (for illness incidence) or to the 
small positive integers (for illness duration). Thus, the OLS 
estimators are not efficient, and the Linear probability model 
may not be appropriate in any event. 

A second problem is concerned with the functional form of 
the relationship between illness and air pollution (indeed; 
between illness and any explanatory variable). As there is no 
theory to guide the selection of functional form, we chose a 
functional form on the basis of an information criterion 
proposed by Sawa. 21 

The third problem involves the structure of the distur¬ 
bance term We examined two alternatives to the OLS 
assumption of uncorrelated disturbances: 

Autoregression: an individuals health status in one period 
may affect his or her healthiitatus in subsequent periods, in 
which case £u iyf < l/f 7 * 0 for t * V. 

Contugion: one s health may be affected by the health of 
others, especially family members and classmates, in which 
case E(< l/f v/r) * 0 for i ¥■ i' or / * /. 

These problems were examined sequentially. First, sever¬ 
al alternative functional forms were examined. Having se¬ 
lected a functional form, we then examined the error struc¬ 
ture Finally, alternative estimation procedures more suited 
to limited dependent variables were investigated. 

Functional Fonw 

Table TV showi the relationship between illness incidence 
and NO* for several different specifications of the pollution 
variable. The basic variable was N02MAX, the daily maxi¬ 
mum N0 2 reading, averaged over the two*week period. (Not 
shown are specifications using average pollution variables; 
which give results inferior to the ones for N02MAX.) 

The specifications examined include the following. 

• linear specification 

• quadratic 

• cubic 

• piecewise linear functions with one break point at 100 
Mg/m 3 , two break points at 7S*and 150 Mg/na 3 ; and three 
break points at 75,100 and 150 Mg/m 3 . 

In all specifications, except the linear, the relationship 
between N0 2 and illness incidence is U-shaped: Based on 
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Table Vli Comparison of loyit and OLS models. predicting illness incidence. 


OLS Logit 


Coefficient 

Std. error 

Coefficient 

Std error 

.35 





dr 


Intercept 

0.176 

0.029* 

-1.80 

0 256 


N02MAXL 

-898E-4 

2.04E-4* 

-0.0067 

0.00174* : 

—7.63E-4* 

N02MAXH 

1.61E-4 

0.68 E-4* 

0j00135 

0.000595* 

1.53E-4 - 

PAR90P 

-2.63E-4 

0.923E-4* 

—*0:00187 

0:00082* 

—2i3E*4 l 

SUL90P 

2.S5E-4 

12.1E-4 

-0:00138 

00108 

-l.57p.a 

AGE 

-0:0062 

0.00085* 

-0:0715 

00074* 

-0.00614* 

CROWD 

0.150 

0.0071* 

0.151 

0064? 

0:0172* 

EP1DEM 

0074 

0:010* 

0.537 

0.087* 

0 061* 

GAS 

—0:020 

0.012 

-0.187 

0.110 

-0.020 

RAIN 

-0.0063 

0.0016* 

-0.051 

0015* 

-0.0058* 

TEMP 

0:00164 

0100039* 

0.0167 

0.00356* 

0.00190* 

RACE1W 

0.0540 

0j0O88* 

0.542 

0.093* 

0.0528* 

CHRON 

0JO416 

00059* 

0.350 

00450* 

0.0423* 

CHESTINF 

0.0460 

00102* 

0342 

0.081* 

0.0434* 


• Significant at the 5% level. 
k Significant at the 1 % levaL 


the BIC criterion proposed by Sawa, 21 the beat performer is 
the piecewise linear specification with a break point at 100 
Mf/m 3 . 

Wt alio tested these spline specifications against the quar 
dr a tic specification using one of the tests described by Da¬ 
vidson and MacKinnon 22 for non-nested models. The result 
of this teat was as follows; When the quadratic specification 
was taken as the null hypothesis a«ainst the piecewise linear 
alternative, the null hypothesis was rejected. However, with 
the spline taken as the null hypothesis the null could not be 
rejected. Thus, the spline specification with a break point at 
100 Mg/m 3 fit the data best, and this was used in subsequent 
work. 

Error Stovctura 

To examine the effect of possible serial correlation we 
assumed a first-order autocorrelation scheme and used a 
two-stage procedure described by Kmenta. 23 First we esti¬ 
mated the autocorrelation parameter p using OLS, and then 
reestimated I the model 

(Vi "* p V<-i) m (X t “ + (* r — p<i-i)j 

Our estimate for p wu p * 0.036. In the second stage, we 
found the following results for the NOj variables, which, it 
will be noted, are essentially the same as Column H of Table 
111 : 

S « —9.35E-4 N02MAXL 


with n - 14907 and F - 25.1 for the equation. This result 
indicated that the problem of autocorrelation could be ig¬ 
nored. 

Contagion presented a problem that we were not able to 
resolve fully, due to alack of complete information on all the 
physical contacts among the various members of the sample. 
However, we were able to examine contagion in the home, 
one of the most likely places where diseases may be spread. 

If contagion in the home is present, the estimated effect on 
incidence and duration of variables common to members of a 
family, such as their exposure to air pollutants, will exceed 
the true effect. To test for this possibility we compared 
regression results from the full sample to the results from a 
subset consisting of one child chosen randomly from etch 
family represented in the sample (Table V). Although the 
standard errors on the former are a bit larger, (which is what 
one would expect from the reduction in sample size), the 
coefficients are quite similar. Thus, the results are probably 
not much affected by spread of disease in the home. 


United D epe n dent Variables 

In this section we examine whether the results depend on 
our use of OLS rather than techniques more suited to limited 1 
dependent variables. Specifically, we tested the linear prob¬ 
ability model against a logit model for predicting illness 
incidence, using the “G" test described by Davidson and! 
MacKinnon. 22 This test showed the logit model to be superi¬ 
or in the following sense: When the null hypothesisifo is the 


<2:12E4» + l;76E-4 N02MAXH + other term* 

(0.81E-4) 

Tabu vn. Comparison of Poisson and OLS models predicting Ulness duration. 


OLS _Poisson 


Coefficient 

Std. error 

Coefficient 

Std. error 

as 





dx 


Intercept 

0.352 

0.079* 

-1.62 

0.361* 


N02MAXL 

-0.00249 

0.00056* 

-0.0063 

OJ0023* 

—000173* 

N02MAXH 

0.00043 

0000186* 

0.00195 

0.00084? 

0:00041* 

PAR90P 

-0.0047 

0.00025 

-0.00101 

0.00120 

-0 0021 

SUL90P 

-0.0026 

0.0033 

-0.0120 

0j016 

-0.0025 

AGE 

-0.0174 

0.0023* 

-0.078 

0:0102* 

-00162* 

CROWD 

0.0089 

0.0193 

0.075 

0.092 

00156 

EPIDEM 

0.216 

0.028* 

0.768 

0.117* 

0160* 

GAS 

-0.032 

0.031 

-0.155 

0.158 

-0030 

RAIN 

-0.0044 

0.0042 

0.0022 

0.0195 

0.00046 

TEMP 

0.0030 

0.0011* 

0.0152 

0.0052* 

00032* 

RAGE1W 

0.119 

0.024* 

0.668 

0.148* 

0.114* 

CHRON 

0.091 

0.016* 

0.399 

0.069* 

0093* 

CHESTINF 

0.178 

0.028* 

0.571: 

0.097* 

0155* 


• Significant at the 5% level 
k Significant at the 1% level. 
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OLS model and the logit model is H\, Ho is rejected; however, 
’when the roles are reversed and //© is the logit model, Ho 
cannot be rejected. , *' 

For illness duration a similar comparison was made be¬ 
tween OLS and Poisson regression. Again, the OLS model 
was found to be inferior, fefooatbeieas. the coefficienu on the 
independ ent vari ables aattmaud using OLS were very simi¬ 
lar to the corresponding coefficients for the logit and Poisson 
modeh. These coefficienu art compared in Tables VI and 
VII. To facilitate comparison, the rightmost column of each 
table is the derivative of the dependent variable of the Pois¬ 
son or logit function, evaluated at the mean of the dependent 
variable (For discrete independent variables the entry is the 
average change in probability of illness, estimated! by the 
weighted sum of the change in probability when the variable 
is added at the mean and when it is taken away.) Even 
though OLS appeared slightly inferior to logit and Poisson 
regression in predicting illness incidence and duration, the 
qualitative result* were hardly affected. 


Conductor* 

A CHESS dau base from Chattanooga. Tennessee was 
thoroughly scrutinized and found to be of high enough quali¬ 
ty to warrant epidemiological analysis. Using this data base, 
the relationship between NO 2 ambient pollution levels and> 
acute respiratory disease in children was examined. Al¬ 
though a statistically significant relationship was found, it 
was not monotonic. Indeed, over the range of pollution val¬ 
ues experienced Lmore illness is associated with Jbw pollution 
values than with high ones, A U-shaped relationship be¬ 
tween illnets and! NO? concentrations was found in several 
aubpopulations in addition to the entire data set, although 
for some subpopulations no relationship was found. As far as 
we know, there is no clinical explanation for this result. In 
contrast, higher ambient sulfate levels were found to have a 
positive effect on acute respiratory disease incidence in chil¬ 
dren over the entire period and for different subsamples, 
although this effect was not significant for either season 
analyzed separately. 

The strange relationship between N0 3 concentrations and 
ARD in children could be attributable to three problems 
inherent in any epidemiological study. First, the relation¬ 
ship could be entirely fortuitous, although the odds against 
this for our study are long Second, both illness and NO 2 
could be related to some unobserved variable. However, such 
a variable must have strange properties, because for certain 
well-defined subsets, iu relationship to eitherilliiess or N0 2 
changes substantially. Finally, the data could still contain 
biases that create the observed effects. 

Im short, there is reason to be skeptical of a U-shaped 
dose-response function relating ambient NO 2 levels and 
acute respiratory disease. Nonetheless, we suggest that non¬ 
monotonic dose-res pons# functions be explicitly considered 
in future epidemiological or clinical research on the health 
effects of N0 2 and perhaps other pollutanu as welli 
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ABSTRACT: This paper describes a study of respiratory 
illness during the first year of life in a cohort of infants who 
were born between 1975 and 1978 to mothers who were registered! 
with' two inner London group general practices. The types of 
respiratory illness and their relation to the season of the year 
and season of birth of the child are examined. The relations amongi 
the frequency and type of respiratory illness and several social 
and family factors that have previously been shown to be associated 
with high levels of respiratory morbidity are also described!. 
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Kerigan, A.T., Goldsmith, C.H., Pengelly, L.D. "A Three-Year Cohort 
Study of the Role of Environmental Factors in the Respiratory Health 
of Children in Hamilton, Ontario" American Review of Respiratory 
Disease 133: 987-993, 1986. 

SUMMARY:: The relative importance of the effect of outdoor 
environmental factors (suspended particulates, sulphur dioxide) 
and indoor environmental factors (parental smoking, gas cooking) 
on> the respiratory health of children is still unclear. To answer 
these questions, a 3-yr cohort analytic study has been conducted 
in Hamilton, Ontario between 1978 and 1981. The prevalence of 
respiratory symptoms and indoor environmental factors was determined 
by an interviewer-administered questionnaire. Pulmonary function 
measures included both the forced expiratory maneuver and the 
single- and multiple-breath nitrogen washouts. Outdoor air quality 
was measured by a comprehensive network of suspended particulate 
and sulphur dioxidte monitors. There were 3,345 children 7 to 10 
yr of age studied in the first year; a response rate of 95.4%, 
3,727 in the second year, and 3,168 in the thirdi year; 75.6% of 
the initial cohort were studied in both Year 2 and Year 3. 
Comprehensive quality control in the study included measurement of 
the repeatability of both the questionnaire and pulmonary function 
data. Repeatability was acceptable except for variables derived 
from the single-breath nitrogen washout (correlation between initial 
and repeat closing volume vital cpapcity was 0.14). Cigarette 
smoking in Year 3 was reported in 4.8% of the children. The 
distribution of other covariables was not uniform, and the 
prevalence of parental smoking and gas cooking was greatest in the 
industrial area with the highest particulate pollution. Future 
analysis of these data will require the effect of these covariables 
to be distinguished! from that caused by outdoor air pollution. 
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Introduction 

The study of environmental factors 
responsible for respiratory disease in chil¬ 
dren is important for 2 reasons: (J) the 
absence of confounding factors, such as 
personal smoking and occupation, 
makes the interpretation of any observed 
association between air quality and re¬ 
spiratory disease more credible; and (2) 
the growing realization that respiratory 
illness during childhood may predispose 
to the development of respiratory mor¬ 
bidity and early mortality from respira¬ 
tory illness during adult life (1, 2). 

This particular usefulness of children 
has become more important as air qual¬ 
ity has improved during the last decade 
(1970-1979) and levels become closer to 
the Ontario guidelines. For total sus¬ 
pended particulates (TSP), the Ontario 
objective (annual geometric mean) is 60 
pg/m 3 . In 1978, the annual TSP in 
Hamilton was 77 pg/m*. For sulphur di¬ 
oxide, the objective is 0.02 ppm annual 
average and the measured level was 0.016 
ppm (3). 

Studies in several countries from 1967 
to 1978 have identified la number of en- 
vironmental factors that might lead to 
respiratory disease in children. The ini¬ 
tial study of the effect of the particu¬ 
late/sulphur dioxide (SO,) complex was 
conducted by Lunn and coworkers (4) 
and showed increased prevalence of re¬ 
spiratory symptoms and reduced pulmo¬ 
nary function in areas of poor air qual¬ 
ity. Improvement in air quality led to a 
reduction in these adverse health effects 
(5), Follow-up studies in several towns in 
the United Kingdom by Melia and col¬ 
leagues (6) showed that adverse health 
effects were now extremely difficult to 
find with the further improvement in air 
quality. These studies, however, did not 
consider the possible role of parental 
smoking. 

As outdoor air quality improved, at¬ 


tention changed to indoor air quality, 
particularly in relation to parental smok¬ 
ing and indoor sources of gaseous pollu^ 
tants such as gas stoves. The health ef¬ 
fects from parental smoking appear to 
be most marked in the first years of life 
(7), but studies of this effect on older chil¬ 
dren have not yielded consistent results* 
some showing increased prevalence of 
symptoms (8) but others showing no ef¬ 
fect (9,10). Colley and coworkers (11) sug¬ 
gested that the effect of parental smok^ 
ing may be due predominantly to the in¬ 
creased prevalence of parental cough. An 
effect of parental smoking on childrens 
pulmonary function has also been shown 
(12,13). The influence of gas cooking was 
first suggested by Melia and coworkers 
(14), although the effect seemed to de¬ 
crease as the children became older. In 
contrast, Keller and colleagues (15) were 
not able to find any effect of gas cook¬ 
ing on children’s respiratory symptoms. 

The uncertainty about the role of low 
levels of TSP and S0 2# and their impor¬ 
tance in relation to domestic environmen¬ 
tal factors, led us in 1978 to initiate a 3- 


yr cohort study in Hamilton, Ontario 
that was designed to answer the follow¬ 
ing questions. (I) Is there an effect on 
children’s respiratory health of suspended 
particulates and SOj at the present lev¬ 
els? (2) What is the effect of the various 
factors in the domestic environment 
when considered in relation to outdoor 
air quality? 

The main study was preceded by a pi- 
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TABLE 1 

SUSPENDED PARTICULATE LEVELS BY AREA OF CITY 
_ (JANUARY THROUGH DECEMBER I960) _ 

__ WU EU WL El 1C 

Total tusp«nd*d partiouictM, iig/m** 44 43 61 1 68 90 

TSP load < 7.0 p, H 70.3 66.6 67 9 71i1 62.1 

Maximal dally average, pg/m't 140 146 173 149 223 

Monitoring sites, n___ 5 _3_9_4_ 6 

O&tHbon ctrtbtwto tom WU • awi upper Quadrant; EU - aaat Upper quadrant WL • mt lower 
quadrant. EL - erat lower quadrant. 1C • Industrial cor* 

* Avaraga or annual geometric maam of ai arise in aacri area 
1 Average of dally maxima of aU arias in each area 


lot study (16) which demonstrated that 
within Hamilton, Ontario, there existed 
substantial gradients across the city for 
suspended particulates and SO a that 
would enable us to study children with 
differing exposures in the same city. This 
offered major logistical advantages in a 
design similar! to that of Lunn and co- 
workers (4). During the current study* 
these gradients for suspended parlies 
lates continued to be present. The levels 
in each area of the city during 1980 are 
shown in table 1 in terms both of the an¬ 
nual geometric mean and of the daily 
maximum. The table also shows the 
proportion of paniculate load less than 
7,0 pi Despite the increasing level of par¬ 
ticulates towards the industrial core, there 
is little change in the proportion of par¬ 
ticulate matter less than 7.0 \i. 

Methods 

Design of Study 

Hamilton, with a population of approxi¬ 
mately 300,000, is a city situated at the west¬ 
ern end of Lake Ontario. The dominant geo¬ 
graphic feature is an escarpment of approxi¬ 
mately 100 ro high that runs from east to west, 
effectively dividing the city into a lower sec¬ 
tion and a mountain section. The city is in- 
dtmrial, with the heavy industrial core, lo¬ 
cated in the northeast section of the city, be¬ 
ing the dominant producer of particulate and 
SO a emissions, although there is a secondary 
SOi area source in the commercial section lo- 


sary for biologic significance. One of the prin¬ 
cipal outcomes of interest was the measure¬ 
ment of air flow, especially at low lung 
volumes. Estimates of the mean and standard 
deviation of these variables were obtained 
from our pilot study (16) (FEV,; mean, 1.79 
L; SD, 0.36; MEF„: mean, lL09L/s;SD*0.44). 
The fust criterion employed in sample size 
determination was that there should be only 
a 10W chance of missing a biologic differ¬ 
ence (Beta error * 0.1). A second criterion 
was that a difference was considered to exist 
between the 2 samples if the appropriate 
statistical test showed that the observed differ¬ 
ence had only a 5W chance of occurring in 
the absence of any real difference (Alpha er¬ 
ror *= 0.05). Within each of these quadrants, 
schools were randomly selected until at least 
800 children from Grades 2,3* and 4 during 
the initial school year had been included. The 
only children excluded were those older than 
10 yr of age by the end of 1978. All children 
in the required grades from the final school 
selected in each quadrant were chosem The 
children included in the first year of testing 
made up the initial cohort. 

After more detailed air quality monitor¬ 
ing during the first year of the study, it was 
realized that the area of highest exposure (Le., 
TSP annual geometric mean >60 pg/m 1 ) was 
underrepresented, despite the initial stratifi¬ 
cation by quadrants in the original design. 
For this reason, the 3 remaining schools in 
this area were added, with all children within 
the required age interval 1 being included. 

In addition, in the second year, all children 


in this same age interval as the initial cohort 
who moved into a school of study were in¬ 
cluded in the study. During the third year, no 
new children were addbd. 

The questionnaire used in the study was 
one that we had employed in the pilot study 
It was developed from a questionnaire used 
in a similar study in the European Economic 
Community. The questionnaire covered 
several aspects of the child’s respiratory his¬ 
tory, family smoking and respiratory profile, 
certain aspects of the childls medical back¬ 
ground, and information relating to the qual¬ 
ity of the dwelling and socioeconomic dicum- 
stances of the family. There were differences 
between our questionnaire and that developed 
by the American Thoracic Society (17). In our 
questionnaire, a distinction was made between 
morning cough and cough during the day or 
night, the respondent being asked if the child 
usually coughed in the morning or during the 
day or night, respectively. Sputum produc¬ 
tion was not asked about. The question on 
wheezing inquired if the chest ever sounded 
wheezy or whistling. In addition* a question 
about asthmatic attacks in the previous 12 
months was included. TWo questions related 
to acute respiratory illness were included. The 
first asked about a period of cough and 
phlegm lasting for 3 wk or more and the sec¬ 
ond about any chest illness keeping the child 
home for a week or more. (A detailed ques¬ 
tionnaire is available from the writers.) In Year 
2, questions about early childhood illnesses 
were added that were derived from the ques¬ 
tionnaire designed by the American Thoracic 
Society (17). Our questionnaire was ad¬ 
ministered in the home by a trained interviewer 
to the mother or femalt guardian, or in her 
absence, to the father or male guardian; The 
questionnaire was administered in each of the 
3 yr of the study prior to the performance 
of pulmonary function testing. 

Pulmonary function testing was performed 
at the child's school. Four types of pulmo¬ 
nary function tests were performed: forced 
expired maneuvers (FEV, t FVC, MEF*>, 
MBF„, and MET), spirometry (a slow vital 
capacity (VQ following quiet breathing) i(VC, 
ERV), single-breath nitrogen washout 
(CV/VC, N a difference) and multiple-breath 


cated in the western part of the city. Prevail¬ 
ing winds are from the southwest; 

Initial air quality monitoring during the pi¬ 
lot study had indicated the presence of sub¬ 
stantial gradients for both particulates and! 
SO,, with the mountain section having lower 
levels than the lower section of the city. On 
this basis and on the knowledge of prevailing 
winds, we divided the city into 4 quadrants 
(figure 1) for the purpose of selection of the 
sample to be studied. The sampling frame was 
all public elementary schools within the city 
of Hamilton. Sample size considerations dic¬ 
tated that at least 800 children would be re¬ 
quired within each quadrant. A difference of 
5 to 7V« in the mean of a particular pulmo¬ 
nary function variable was felt to be ncces- 


F»g-1. Outlirte map o* Hamilton. On¬ 
tario. showing the 4 quadrants choeen 
in the original design, and the Industrial 
Core (1C) (WU - west upper; ELi - east 
upper; WL - west lower; EL - east 
tower). 
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TABLE 2 

CONSENT AND TESTING RATE EGR SAMPLE 



Year 1 

Year 2 

Year3 

Eligible for interview 

3,505 

3.727 

3.168 

Interviews completed 

3,3*5 

3.588 

3,065 

Interview completion rate, % 

95.4 

96 3 

967 

Consents given for testing 

3,329 

3,573 

3,055 

Consent rate, % 

95.0 

959 

964 

Number tested ( 

3.131 

3,439 

2J949 

Testing completion rate. % * 

89.3 

92.3 

93.1 


nitrogen washout (FR£). The additional use 
of the single-breath nitrogen washout was 
justified by the study of Becklake and cowork¬ 
ers (18), who showed an increase in closing 
volume in chiUlrrn exposed to a high parties 
late/SOi environment. 

Air quality was measured by a comprehen¬ 
sive particulate and !SO a network. There were 
27 monitored sites for TSP using hi-voi sam¬ 
plers, with 9 additional hi*vol samplers with 
Andersen 4-stage cascade impactors for the 
measurement of mass median diameter. In 
addition, there were 16 sites for SO a moni* 
tored in groups of 8, using Beckman 906A 
monitors (Beckman Instruments, Fullerton, 
CA), for 6-wk periods in rotation. These sites 
were distributed throughout the city. Details 
of air quality monitoring will be contained 
in a subsequent report. 

Protocol 

In the questionnaire survey, interviewers were 
randomly assigned to eligible children at each 
school to be visited, thus ensuring that several 
interviewers would be assigned to each school. 
In addition, interviewers were rotated to 
schools in different parts of the city. The par¬ 
ents had been informed in advance by letter 
to expect a phone call from the interviewen 
The letter also described the purpose of the 
study as being the investigation of the child’s 
respiratory health. No mention was made of 
air pollution. Each interviewer telephoned the 
parent or guardian to arrange for an appoint* 
ment for questionnaire administration. There 
was provision for 3 call-backs, if no contact 
was established initially, before no further at¬ 
tempt at interviewing was made. At the time 
of contact, the interviewer was able to screen 
out those children who were older than 10 
yr of age in the first year of testing. If the 
parent consented to the interview* they were 
then visited by the interviewer. The percent¬ 
age of those eligible, for whom an interview 
was not obtained, including those with whom 
no contact could be established, ranged from 
4.6% in Year 1 to 3.3% in Year 3 (table 2). 
No further attempt was made to follow these. 
Interpreters were used as necessary, but were 
required for less than 1% of the parents. At 
the end of the interview, the pulmonary func¬ 
tion test was explained to the parent or guards 
ian, and'written consent for the test was ob¬ 
tained at that time The completed question* 
naire was then returned for coding* 
keypunching, and data storage at the Com* 
putation Services Unit at the Health Sciences 
Centre, McMaster University. 

Pulinonary function testing was per¬ 
formed, throughout the school year, within 
4 wk of the completion of the interview, TWo 
teams of pulmonary function technicians were 
assigned alternately to a school in the upper 
and in the lower part of the city. The testing 
routine was explained initially to all the stu¬ 
dents at an assemply and explained further 
to each child at the time of his or her testing. 
A questionnaire about smoking habits was 
alio administered to the child at the time of 
testing in the third year of the study. Pulmo¬ 


nary function testing was performed using the 
Hewlett-Packard 47804A Pulmonary Calcu¬ 
lator System (Hewlett-Packard, Waltham* 
MA). In this system, flow is measured by a 
pneumotachygraph, and volume is computed 
internally by integration with time. Calibrar 
tion of the 2 systems used was performed twice 
daily with a 2-L syringe. Correction for am¬ 
bient temperature and pressure was performed 
internally by the computer system by enter¬ 
ing the appropriate values. After measurement 
of height and weight, the child first performed 
a multiple-breath nitrogen washout. This was 
followed by at least 3 forced expired maneu¬ 
vers. For acceptance, the 2 largest FVC values 
had to be within 5% of each other. All meas¬ 
urements were taken from the maneuver with 
the greatest sum of FVC and FEY,. Spirome* 
try was then performed] If the VC obtained 
was less than the FVC by more than 10%, the 
spirometry was repeated until the estimate was 
within 10%. However* if the VC was greater 
than the FVC by more than 10%, then the 
forced expired maneuver was repeated until 
the FVC estimate was within 10% of VC. Fir 
nally, at least 2 single-breath nitrogen 
washouts were performed in which the expired 
nitrogen concentration was continuously plot¬ 
ted against VC. The method used was that 
of Mansell and associates (19), but without 
the additional dead space. For acceptance of 
the single-breath nitrogen washout test, the 
VC had to be within 10% of the lkrgest previ¬ 
ous VC from spirometry. If both single-breath 
maneuvers were acceptable, then the closing 
volume from the maneuver with the greater 
VC was taken for analysis. The presence of 
an upper or lower respiratory infection was 
noted by the technician at the time of the test. 
However, the test was always performed, the 
infection data to be used at the time of analy¬ 
sis to estimate the effect of the infection on 
pulmonary function. The testing followed the 
same sequence in Years 2 and 3, except that 
in Year 3, the single-breath nitrogen washout 
was omitted because of poor reproducibility 
(see Discussion). The child was not neces* 
sarily tested with the same system nor by the 
same technician, but comparison of results 
from the 2 teams was performed at regular 
intervals to identify any systematic differ¬ 
ences. 

All measurements of flow and of volume 
were computed internally, with output being 
recorded by an on-line printer. Closing vol¬ 
ume, however, was computed by inspection 


of the single-breath nitrogen washout curve, 
and was taken at that point of inflection of 
the nitrogen washout curve from a line drawn 
through phase 3 of the curve (19). These results 
were then returned for coding* keypunching, 
and data storage in a manner similar to the 
questionnaire data. 

The quality control of the data gathered! 
was performed in several ways. For both the 
questionnaire and the pulmonary function 
coding* a random 5% sample of the data was 
recoded by a second coder. The reliability of 
the questionnaire data was estimated by the 
random selection of 4 interviewers after each 
pair of schools was completed. For each in¬ 
terviewer, 2 interviews were randomly chosen, 
and within those interviews, 2 questions were 
randomly selected. The appropriate respon¬ 
dent was then phoned and the questions were 
asked again. Apart from estimating the relia¬ 
bility of the answers, this procedure also veri¬ 
fied that the original interview had indeed! 
taken place. Interinterviewer variation or bias 
was estimated by comparing the response rates 
to certain questions obtained by each inter¬ 
viewer. These date were then examined to sec 
if any differences between interviewers might 
be greater than that caused by chance alone. 
When such a difference was found, interview¬ 
ing technique was reviewed to ensure con¬ 
sistency of technique. In no case was it neces¬ 
sary to change any of the interviewing staff 
because of poor reliability. 

The reliability of the pulmonary function 
testing was estimated by the retesting of 8 chil¬ 
dren in each school, 2 children randomly cho¬ 
sen from each age group. All data from pul¬ 
monary function testing were passed through 
a range checking program after data storage, 
the range being 4 standard deviations centered! 
at the mean, these interval! estimates of 
parameters being derived from the original! 
pilot study. Finally, we were interested in de¬ 
termining any systematic differences between 
the 2 pulmonary function testing teams. The 
presence of any differences was estimated by 
parallel line regression analysis for 4 of the 
variables measured (FVC, MEF,», MET, and 
CV/VQ. This technique used regression anal¬ 
ysis to Fit a regression line separately to the 
data collected by each team; if the linear rela¬ 
tionship was the appropriate model, then the 
hypothesis that the 2 lines were parallel was 
tested] If this hypothesis was not rejected, then i 
the hypothesis that the intercepts were the 
same was tested. If the second hypothesis was 


Source: https://www.industrydocuments.ucsf.edu/docs/tgnx0000 
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YEAR I YEAR II YEAR III 


TABLE 3 



1 | o x»M flOm 

Fig. 2. Matntananc* of cohort size, sharing numbers 
lost by Attrition end Industrial iCore group added during 

ttar2 


not rejected then it was concluded that the 
regression lines for the 2 teams were coinci¬ 
dent (20). 

A final quality control measure was an ex¬ 
amination of the proportion of missing values 
for each variable for each team, as an indica¬ 
tor of systematic differences between the 2 
teams. The analysis and the results of these 
quality control measures will be described in 
detail in a separate report. However, the relia¬ 
bility of the questionnaire and pulmonary 
function data, and the success rates of pul¬ 
monary function testing, are described in this 
report. 

Statistical analyses were performed by sub¬ 
programs in the Statistical l Package for the 
Social Sciences (21), The difference between 
sample means was tested for significance by 
subprogram t test for paired i samples, Pear¬ 
son’s product-moment correlation coefficient, 
as a measure of associat ion of 2 independent 
variables, was computed by subprogram scat- 
tergram. Hypothesis tests were all two-tailed. 


Results 

Characteristics of Cohort 
The number who were eligible for test¬ 
ing in each year of the study is shown 
in table 2. To be eligible, the child could 


CHARACTERISTICS OF SAMPLE TESTED 



Y*ar 1 


Yaar 2 


Yaar 3 



(p) 

m 

<") 

(%) 

ip) 

m 

Ma1« 

1,6111 

SIS 

11769 

51.4 

1313 

61.3 

Female 

1320 


11670 


1,436 


Caucasian 

2,876 

91.9 

3,161 

9119 

2,723 

923 

Non-Caucasian 

255 


278 


226 


Total 

3,1311 


3.439 


2,949 



TABLE 4 

PREVALENCE OF DOMESTIC FACTORS BY AREA OF CITY: YEAR 2* # 


WU 

EU 

WL 

EL 

1C 

Number 

629 

678 

741 

963 

242 

Mother amoks 

37.3 

42.5 

423 

482 

601 

Father smoke 

38.3 

43.4 

43.3 

502 

6113 

Mother cough 

15.7 

15.0 

173 

173 

28.5 

Fathar cough 

22.1 

26.4 

26.1! 

25.6 

404 

Gas cooking 

6.3 

8.3 

29.7 

15.6 

43.4 

Share room with 2 or more 

2.3 

3.6 

73 

7.0 

68 

Incoma lass than S10k/yr 

15.8 

113 

20.7 

15.6 

259 

Lass than 2 yr at peasant address 

22.4 

19.0 

263 

25.6 

34.4! 


^ -— Ma/lnkinn mS . —- — — 4 

” omnmon pi ^DDrvwDQns, M.hM i. 

* VaJuM art ptroereepe*. Data mMng on 35 subpeta 


not have attained his or her eleventh 
birthday before December 31,1978. This 
tablfe also shows the interview comple¬ 
tion rate obtained in each year. The rate, 
which was above 95 % for each year, is 
considered acceptable. In addition, the 
percentage giving consent for the pulmo¬ 
nary function testing was virtually iden¬ 
tical to that giving consent for interview. 
There was, however, a degree of attrition 
after consent was given for pulmonary 
function testing, before the test was per¬ 
formed! The major reason for this was 
the child having moved from a testing 
school into a nontesting school during 
the time between consent and testing. 
This attrition was less in Years 2 and 3. 

An important feature of the study was 


the ability to follow the initial cohort into 
the second and third yean of the study. 
The particular importance of this is the 
ability to measure changes in pulmonary 
function variables as the child grows. It 
is possible that the rate of change of a 
particular pulmonary function variable 
might be a mart sensitive outcome meas¬ 
ure than the use of a single point esti¬ 
mate. The number of children with pul¬ 
monary function testing in Year 1 who 
were tested in Years 2 and 3 (approxi¬ 
mately 759ii of the original cohort) is 
shown in figure 2. The figure also shows 
the number of children added in Year 2 
and how many of these were followed into 
Year 3. The characteristics of the chil¬ 
dren at the time of pulmonary function 


TABLE 5 


PREVALENCE OF SMOKING* 






A0»O") 





8 

9 

10 

111 

12 

13 

Total 

Any history of smokingt 

Yes 

No 

0(0) 

3 

57 (113) 
425 

175 (18.1) 
791 

250 (28.3) 
634 

168 (373) 
310 

37 (50.0) 

37 

707(243) 

2200 

Total 

3 

482 

966 

684 

498 

74 

2,907 

Smoking in last 4 wk* 

Yes 

No 


2 (3-6) 

53 

28 (16.4) 
143 

41 (17.0) 
200 

56 (303) 
126 

12 (32.4) 

25 

139(20 3) 
547 

Total 


55 

171 

241 

182 

37 

686 


* Values ara frequency with percentages in parentheses 
t Missing observations. 156 

♦ Missing observation*. 21 


Source: https://www.industrydocuments.ucsf.edu/docs/tgnxOOOO 
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TABLE 6 

REPEAT ABILITY OF RESPIRATORY SYMPTOM QUESTIONS 


dhiestoo 

Raw Agreement 

ChanceOxrected 

Agreement 

(Kappa) 

Cough in morning, 

0.92 

0* 

Cough during day or night 

0.80 

0* 

Chest wheezy or whistling 

0.80 

0.53 

Asthma tn previous 12 months 

0.96 

0 76 

Cold goes to chest usually 

Cough and phlegm tor 3 wk 

*1.0 

1.0 

m previous 12 months 

Absence from school tor 1 wk or more 

0.95 

0* 

in previous 12 months 

1.0 

1.0 


* In each cm, on* marginal waa zero, making Kappa an unrafcaW# aatimata oI chanoacorrac ta d 


testing in each of the 3 yr are shown in 
table 3: There is a slight excess of males 
over females in each year, and the pre¬ 
dominant Caucasian ethnic characteris¬ 
tic of the sample is to be noted. 

Previous studies have shown that cer¬ 
tain factors other than outdoor air qual 1 
ity can be related to the incidence or prev¬ 
alence of childhood respiratory disease 
(7,10,13). The distribution of these fac¬ 
tors in each of the 4 original quadrants* 
and also in the additional group of 


details the agreement statistics for each 
of these questions, both in terms of raw 
agreement and of chance-corrected 
agreement (Kappa). In certain cases, 
Kappa was an unreliable estimate of 
chance-corrected agreement, because one 
marginal of the 2 x 2 table from which 
the Kappa was to be computed was zero. 
Kappa ranged from a substantial level of 
0.56 to an excellent level of 1.0. The per¬ 


centage of missing values by team for 
variables derived I from the 4 pulmonary 
function maneuvers is shown in tabk 7, 
The values are shown for Year 1. The 
commonest reason for a pulmonary 
function value to be missing was that the 
child could not meet the required criteria 
for test acceptance These results, there¬ 
fore, give a comparison of ability of the 
2 teams in obtaining successful tests for 
each test in each age group. The repeata¬ 
bilities of the lung function measure* 
ments in Years 1 and 2 of the study are 
shown in tables 8 and 9; There were small 
but significant differences for several of 
the measurements (FVC, MEF m , MEF 7 *, 
MET, and VC) in Year 1 and to a larger 
extent in Year 2. The results for Year 3 
are not displayed for sake of brevity, but 
they showed no significant differences. 
The product-moment correlation coeffi^ 
dents for certain of these variables are 
shown in table 10 for Year 1. These range 
from 0.97 for FVC to 0.14 for CV/VC 
The reprod ucibility of these tests might 
have been affected by the presence of a 
respiratory infection during either the ini- 


schools in the industrial core that were 
added in Year 2, are shown in table 4. 
In this table, a smoker is one who smokes 

1 or more cigarettes or cigars per day. The 
percentage with cough includes those 
with a positive answer to either of the 
questions: “Do you usually cough in the 
morning?” or “Do you usually cough 
during the day or night?” To simplify the 
presentation, only the results from Year 

2 are shown. However, those from Years 
1 and 3 are similar. The prevalence of 
these factors varied across the city and 
was highest in the industrial area, where 
the level of TSP was also the highest (ta* 
ble 1). A further, potentially confound^ 
mg covariable was the prevalence of 
smoking by the children themselVes. Be¬ 
cause the age interval in the first year was 
between 7 and 10 yr of age, we did not 
expect to find many smokers. However, 
by the third year of the study, it might 
be expected that some of the older chil¬ 
dren would have commenced regular 
smoking. We therefore administered a 
smoking questionnaire to the children at 
the time of pulhionary function testing. 
The number of children in each age group 
who stated that they had smoked at least 
1 cigarette in the last 4 wk is shown in 
table 5. 


Quality Control 

The repeatability of the respiratory symp¬ 
tom questions is shown in table 6, which 


TABUE 7 

PERCENTAGE OF MISSING VALUES BY TEAM; YEAR 1 


AQ9(yr) 


Variable 

Team 

6 

7 

8 

9 

10 

11 

Total 

FVC 

A 

0.0 

1.0 

0.4 

2J1 

0.3 

2:6 

1.0 


B 

0.0 

3.3 

1.6 

1.3 

0.9 

34 

ia 

VC 

A 

33.3 

12.5 

5 1 

7.5 

110 

0.0 

6.4 


B 

33.3 

115 

54 

2.4 

1:8 

34 

51 

FRC 

A 

16.7 

5 8 

3.9 

4.8 

1.0 

0.0 

3 9 


B 

167 

104 

5.0 

1.5 

ia 

3.4 

4:4 

CV 

A 

667 

49.0 

28.6 

23.6 

12.6 

5.1 

27T 


B 

33 3 

37.4 

24^ 

14.3 

9:0 

20.7 

21.2 

N, difference 

A 

ee:7 

49.3 

28.8 

23.8 

12.6 

51 

27J9 

6 

33.3 

38.5 

24a 

1410 

9.0 

20.7 

21.3 

Children tested, n 

A 

6 

304 

532 

480 

286 

39 

1.647 


B 

6 

270 

501 

456 

223 

29 

1.485 


OaAnMon at aMywiafibnr. CV ■ doatng velum*; N, 4Ht*f*fic* - increase in axpirad n*rog*n uorKMnratMpn^umg pNua iM 
of aingta- bra at h nitrogen washout. 


TABLE 8 


REPEATABILITY OF LUNG FUNCTION MEASUREMENTS: YEAR 1 


Variable 

n 

Initial 

Repeat 

f Value 

p Value 
(2-tailedJ 

Mean 

so 

Mean 

SO 

FVC 

216 

2.04 

0.41! 

2.07 

0.41 

-396 

<0.001 

FEV, 

216 

1.67 

0.31 

1.66 

0.31 

1.33 

0190 

MEF m 

215 

2.33 

0.62 

2.14 

0.59 

3.57 

<0001 

MEF n 

211 

0.99 

0.36 

0.94 

0.32 

3.45 

0001 

MET 

215 

0.57 

0.17 

0.59 

0.16 

-3.13 

0:002 

VC 

220 

2.05 

0.41 

2.08 

0.40 

-3.30 

0001 

FRC 

210 

1.19 

0.31 

119 

0.29 

0.13 

0J895 

CV/VC 

166 

0134 

0.09 

0.12 

0.078 

1L42 

0 156 

Nydiff 

160 

1.04 

0:66 

1.03! 

0.52 

013 

0 900 


OtMbon of tMxwvtation* MET • rmdenpiratory tim* in s*cond* For oihf dafinitiom, sm tab* 7. 




Source: https://www.industrydocuments.ucsf.edu/docs/ jnxQOQO 
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TABLE 9 


REPEATABILITY OF LUNG FUNCTION MEASUREMENTS: YEAR 2 


Variable 

n 

Initial 

Repeat 

fVahie 

p Value 
(2-tailed) 

Mean 

so 

Maan 

SO 

FVC 

256 

2.37 

047 

2.35 

0J51 

224! 

0.026 

rev,, 

256 

1.91 

0.36 

1.66 

039 

2.66 

0.008 

mef m 

254 

246 

0.63 

2.39 

0.66 

2 64 

0.009 

MEF„ 

254 

105 

0.34 

1.03 

035 

1 49 

0.136 

MET 

256 

0.59 

0.16 

0.60 

0.19 

-1179 

0.75 

VC 

255 

2.39 

0.47 

2-36 

0.49 

2.37 

0.019 

PRC 

253 

1.32 

033 

1.3H 

0.34 

0.37 

0.713 

CV/VC 

226 

0.12 

0.06 

012 

0.09 

-0.13 

0.697 

Nydffl 

226 

0.88 

0.50 

0 65 

0.44 

1.35 

0.178 


For aefinMofi of abbreviation*. — UWe* 7 and 8 


tial or the repeat test . The repeatabilities 
of the lung function measurements were 
therefore reanalyzed, omitting from the 
analysis any test during which the pres¬ 
ence of an upper or lower respiratory in¬ 
fection had been recorded. The results 
from this analysis are shown in table 11. 
Comparison with table 9 does not indi¬ 
cate that the reproducibility of the test 
was improved by the exclusion of current 
respiratory infections. In addition, for no 
variable was the prodiict ^moment corre¬ 
lation coefficient changed by the exclu¬ 
sion of respiratory infections. 


Discussion 

This report outlines the background to 
the study that has been undertaken, the 
design of this study, and the methods that 
were used, and it describes the sample 
that was studied, both in terms of its 
characteristics and i also in terms of im¬ 
portant covariables. The design of the 
study was innovative in selecting schools 
within each of 4 quadrants of the city 
in expectation that these areas would 
show different levels of air quality. How¬ 
ever, the area of the city with TSP levels 
greater than 60 pg/m J annual geometric 
mean was underrepresented when the air 
quality results from the first year were 
analyzed. This required the addition of 


3 schools in the industrial core in the sec¬ 
ond year to achieve a gradient of air qual¬ 
ity that one might expect to show an ef¬ 
fect on the child’s respiratory health. 
Financial constraints often dictate that 
air quality monitoring is done at the same 
time as the measurements of respiratory 
disease outcomes in children or in adtilts. 
However, without detailed prior infor¬ 
mation about the distribution of Ur qual¬ 
ity gradients, modification of the design 
may be required during t he course of the 
study, with the increased difficulty this 
might give in the analysis of the results. 
Random selection of schools within each 
quadrant was performed for this health 
study in the first year but not with the 
additional schools in the second year, be¬ 
cause all the schools in the industrial core 
(that is, the area of highest particulate 
levels) were chosen for inclusion in the 
study. 

The cooperation obtained from the 
Board of Education for the City of 
Hamilton and the parents of the children 
was excellent. We feel that the response 
rate in excess of 95 Vo obtained in each 
year enables us to extrapolate any con¬ 
clusions from the sample chosen to the 
total population of children at risk. 

It was not surprising to find that the 


distribution of covariables, which might 
influence the child’s respiratory health, 
was not uniform across the city. In the 
examination of the relationship between 
levels of air pollutants and respiratory 
health, it is very important that any con¬ 
founding effect of covariables be distin¬ 
guished from the effect of air pollution 
itself. We have shown that the industrial I 
area, which has the highest kvel of TSP, 
has also th €highest prevalence of dbmes- 
tic smoking, parental respiratory symp¬ 
toms, and gas cooking (22). 

A further important consideration in 
the study of the effect of air quality on 
respiratory health is the previous mobil¬ 
ity of the sample being studied. As table 
4 shows, the proportion of children who 
had lived at their present address for less 
than 2 yr varied from 34.4% in the in¬ 
dustrial core to 19.0% on the eastern part 
of the mountain! This difference would 
also have to be taken into account in any 
analysis of these results. 

Cigarette smoking by, the children 
themselves also'1>c&ti^ 
thk particular age group as it can lead 
to respiratory disease: Tager and cowork¬ 
ers (23) showed that children’s smoking 
habits must be taken into account when 
looking at any putative effect of paren¬ 
tal smoking. Direct validation of the es¬ 
timates of smoking obtained from our 
smoking questionnaire was not per¬ 
formed. However, the percentage of chil¬ 
dren admitting to smoking in the previ¬ 
ous 4 wk does increase in the expected 
direction with increasing age In addition, 
these data are comparable to those ob¬ 
tained by Brown and colleagues (24) in 
their survey of smoking habits in Cana¬ 
dian school children. We are therefore 
confident that these results do reflect the 
smoking habits of the children. However, 
the rate of 4.8% who had smoked in the 
previous 4 wk is unlikely to affect the in¬ 
terpretation of the results. 


TABLE 111 


TABLE 10' 

PRODUCT-MOMENT CORRELATION 
COEFFICIENT OF INITIAL AND REPEAT 
ESTIMATES OF PULMONARY 
FUNCTION I VARIABLES 



Yaar 1 

Yaar 2 

FVC 

0.97 

0.86 

FEV, 

0.94 

0.83 

MEF* 

0.78 

0.74 

MET 

0.72 

0.81 

RV 

0 40 

0.43 

CV/VC 

0 14 

0.03 


REPEATABILITY OF LUNG FUNCTION MEASUREMENTS 
RESPIRATORY INFECTIONS EXCLUDED: YEAR 1 


Variable 

n 

Initial 

Repeat 

t Value 

p Value 
(2-uHed) 

Mean 

SO 

Maan 

SD 

FVC 

159 

202 

0.41 

2'04 

041 

-3.47 

<0001 

FEV, 

159 

1.66 

0.30 

1.64 

0.30 

0:97 

0 37 

MEF* 

158 

2.26 

0.61 

2.15 

068 

3.26 

0:001 

MEF r , 

156 

1.00 

0.34 

0.94 

0.32 

2:99 

0.003 

MET 

158 

0.56 

0.17 

0.58 

0.16 

-2:93 

0004 

VC 

162 

2.03 

0:40 

2.05 

0.40 

-2.55 

0.012 

FRC 

157 

1.17 

0.32 

1.17 

029 

-0.31 

0-76 

CV/VC 

123 

014! 

ojoe 

0.13 

008 

1.33 

019 

Mi drtf 

120 

1:01 

0:59 

1.06 

0.50 

-0.13 

0.90 


For cMfinrton at abbreviation*. Me tables 7 and 8 
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The results of a number of quality con¬ 
trol procedures were part of the study. 
The repeatability of the respiratory symp¬ 
tom questions was estimated only when 
those particular questions were asked 
from the randomly chosen question^ 
naires. W e thoug ht if important to com¬ 
pute chance-corrected agreement (Kap¬ 
pa), because the raw agreement, when the 
prevalence of a particular symptom is 
16w, may give a false impression of good 
agreement, when in fact most of the 
agreement is due to chance alone. For 3 
cases, Kappa could not be computed. On 
the other hand, by the criterion of Landis 
and Koch (25)j agreement was substan¬ 
tial or better for the questions on asthma, 
colds to chest, and absence from school 
for more than i wk with a chest illhess. 
It was only slightly less than substantial 
for the question on wheezing or whis¬ 
tling in the chesL 

The ability of young children to per¬ 
form pulmonary function maneuvers is 
shown in table 7. The forced expired ma¬ 
neuver was the one most successfully per¬ 
formed. In the older age groups, slbw 
spirometry and the multiple-breath nitro¬ 
gen washout were equally well per¬ 
formed! In contrast, the single-breath 
nitrogen washout had a failure rate in ex¬ 
cess of 20%. This lack of success for 
this particular test did not improve in 
Year 2 and lit has been our experience that 
the single-breath nitrogen washout test 
is a difficult maneuver to employ in 
large scale epidemiologic monitoring in 
children. 

In tables 8 and 9, it can be seen that 
in Years 1 and 2 there were small but sig¬ 
nificant differences between the initial 
and repeat estimates of a number of the 
pulmonary function variables that were 
not due to the presence of a respiratory 
infection! The differences were not found 
to be significant, however, in Year 3. No 
significant differences were found be¬ 
tween the initial and repeat estimates for 
the variables derived from the multiple- 
and single-breath nitrogen washout 
maneuvers. However, for these variables, 
the coefficient of variation was much 
greater than for the variables derived 
from the forced expired maneuver, and 
therefore the analysis was tess powerful 
in being able to demonstrate a difference 
if one really existed. An additional meas¬ 
ure of association, the correlation coeffi¬ 
cient, was high for the variables (FEV r 
and FVC) derived from the forced expired 
maneuver; but was much less for those 
variables derived from the single-breath 
nitrogen washout. This low correlation 
reduces considerably the usefulness of 


the single-breath nitrogen washout test 
because the amount of random variation 
may well obscure any true difference be¬ 
tween samples. 

In conclusion, we have described the 
design and execution of a study of the ef¬ 
fects of environmental factors on the res¬ 
piratory health of children within a sin¬ 
gle city. The random selection and high 
response rate have ensured tharthe sam¬ 
ple is characteristic of the population of 
interest in the city. The accurate estimar 
tion of pollution exposure has required 
a more comprehensive network of air 
quality monitors than would normally 
be employed in a single city. The non- 
uniform distribution within the city of 
covariables, such as parental smoking 
and cough, has implications for the de¬ 
tection of the effects of suspended par¬ 
ticulates and SOx, especially when those 
effects are likely to be small at current 
levels of these pollutants. If present, these 
effects are only likely to be detected with 
samples as large as the one that we have 
studied! 

Pulmonary function testing, even in 
the youngest of children, had a high rate 
of success with the exception of the 
single-breath nitrogen washout. We were 
disappointed with the lower rate of suc¬ 
cess of this test, its greater degree of varia¬ 
bility, and its lack of reproducibility. For 
these reasons, it was omitled from the 
Year 3 testing; we feel that its place in 
large scale epidemiologic testing has not 
been justified. 
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SUMMARY: The relationships between 12 features of the home 
environment and respiratory morbidity as reported by parents, and 
as recorded in general practice records, were studied in 165 
children aged seven to eight years. Parental reports of wheeze, 
nocturnal cough and school absence owing to chest trouble were 
significantly more common among children with a family history of 
wheeze, and those from damp or mouldy housing. There were 
associations between coal fires and nocturnal cough and between an 
open window and wheeze. Multivariate analyses confirmed these 
associations to be independent of each other, and of the child's 
sex and seven other features of the home environment, including 
gas appliances and parental smoking. These same environmental 
variables were not consistently related to general practice 
consultations for wheeze or lower respiratory illness. Damp and! 
mouldy housing, coal fires and open bedroom windows should be 
investigated further as potentially remediable causes of respiratory 
disease in childhood. 
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Relationship Between Respiratory 
Morbidity in Children and the Home 
Environment 

OAVID P STRACHAN AMD ROBERT A ELTON* 

Strpcfcrv D f IDtparomnt of Community Urwvwfy of Edinburgh] Wvmrtm Park Road, 

Edinburgh EH9 ID W, Scotland) and Elton R A* Rtiatibnahip ba twaan raapiratory morbidity in childran and 
tha homa anvironmant. famrfy Pr&ctic* 1966, Ji 137-142. 

Tha ralationahipa batwaan 12 faaturaa of tha homa anvironmant and imapiratory morbidity at raponad by 
parama, and as racordad in ganaral practica racorda, **rt atudiad in 106 childran agadiaavan toiatgftt yaara. 
Parantal raporta of whaaza. nocturnal cough and ischoot abaanoa owing to chaat troubia wara aignificandy 
mora common among chiidfan with a family hiatory of whaaia, and thorn from damp or mouldy housing. 
Thara wara associations batwaan coal firaa and nocturnal cough and batwaan an opan window and 
whaaza. Multivariata analyaaa confirmad thaaa aaaociationa to ba indapandant of aach othar, and of tha 
child's sax and savan othar faaturaa of tha homa anvironmant, including gaa appliances and parantal 
smoking. Thaaa sams anvironmamal variablas wars not constatandy ratatad to ganaral practfea consult* 
dona for whaaza or lOwar respiratory tffnaas. Opmp and mouldy housing, coat firaa and opan btdroom 
windows should ba invaatigatad further as potentially remediable causes of raapiratory disease in 
childhood. 

The role of environmental factors in the 
causation of respiratory morbidity in childhood 
is poorly understood. Hitherto, interest has 
focussed on the possible hazards of parental 
smoking and nitrogen dioxide from gas 
cookers. 1 * 4 Respiratory illness is more common 
among children who live in neighbourhoods 
classified as urban local authority housing,’and 
there is a widespread conviction that housing in 
some way influences respiratory health. 6 This 
paper describes an exploratory study of the asso¬ 
ciation between respiratory morbidity and 
various aspects of the home environment among 
seven- to eight-year-old children registered with a 
Scottish urban general practice serving an area of 
predominantly local authority housing. 

METHOD 

In October I983,a review was made of the general 
practice records of 198 children born in 1976 and 
registered with the West Cranton Medical Group, 


Department ot Commumu VWdminc, Lrmcwi) ot Edinburgh. 
W^rrendrr Park fto*d. Edinburg* EHV IDW. Scotland 
* Medial Computing and but**** tmt. Vlcdtcal School. Teviot 
Place. Edinburgh, Scotland 
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Edinburgh. Scotland, This large practice serves 
one of the most socially deprived areas of the city. 
Entries in the records with a mention of wheeze, 
rhonchi or 'bronchospasm' were termed 
wheezing episodes, and those with a record of 
cough, wheeze or breathlessness, or auscultatory 
signs in the chest, were termed lower respiratory 
tract illnesses. Coryza, pharyngitis and otitis 
media were excluded, but an isolated symptom of 
cough was considered as a lower respiratory ill¬ 
ness. 

In January 1984 a postal questionnaire was 
sent to the parents of the same 198= children, 
enquiring how many nights the child had been 
kept awake by coughing during the autumn term 
1983, and how many days the child had lost from 
school during the same term owing to chest 
trouble. These were chosen as readily quantifi¬ 
able measures of respiratory morbidity that are 
known to relate to asthma in childhood. The 
parents were also asked if their child had ever had 
attacks of wheezing (defined in the questionnaire 
as breathing making a high-pitched whistling 
sound) and, if so, whether ther had been any 
attacks over the past two years. This first' 
questionnaire made no reference to interest' in 
the home environment. 
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^TirXpril 19*4 a further questionnaire was sent 
to the same parents enquiring about absence from 
school owing to chest trouble, and about 
nocturnal coughing and wheezing during the 
spring term 1984. Additional questions related to 
features of the family and home environment 
which were considered to be possible risk factors 
for respiratory disease in this age group j Twelve 
features were expressed as binary variables for 
analysis: 

II. Family history of wheeze: any first degree 
relative who had ever had attacks of 
wheezing. 

2. Family size of four or more: usually resident 
at the child's home address. 

3; Other children in the family: usual residents 
under 16 years of age. 

4. More than one person per room: usual 
residents, rooms excluding kitchen and 
bathroom but including living rooms. 

5. Other persons sleeping in the child's 
bedroom. 

6. Child’s bedroom unheated: usually, over the 
past six months (winter 1983-4). 

7. Child's bedroom window left open at night: 
usually, over the past six months (winter 
1983-4). 

8. Gas: any unventrd gas*fired appliance in the 
house. 

9. Coal: any coal-fired appliance in the house. 

10. Parental smoking: any person smoking more 
than five cigarettes per day while in the 
house. 

11. Damp: positive response to the question; is 
your home affected by damp? 

12. Mould: positive response to the question; is 
your home affected by mould or fungus? 

Univariate analysis was by 2x2 contingency 
tabtes* The cross-product ratio (relative odds) 
was used to express the degree of association and 
significance levels were assessed by the chi-square 
test. Multiple logistic regression analysis was 
carried out using the GLIM statistical package. 7 

RESULTS 

Complete questionnaire data was received from 
the'parents of 165 (83%) of the children. The 
response rates were similar for those with and 
without a record of wheeze in their general 
practice notes (89% and 81% respectively), 
suggesting minimal bias, at least with respect to 


wheezing. Of these 165 children, 159 (96%) had 
general practice records complete for the past two 
years, and 143 (87%) were complete from birth. 

Risk Factors in the Home 
All but 20 of the 165 children studied lived in local 
authority housing. Investigation of the associa¬ 
tions among the J2 features of the home 
environment found that damp was significantly 
more common in homes where coal was burnt 
(X 2 * 7.32, 1 df, P<0.01), but not in homes using 
gas (x 2 *0.56). No significant association was 
found between a family history of wheeze and 
parental smoking or damp housing^dPartmal 
smoking was, however, more common in homes 
affected by damp <x 2 *7.36, P<0:01). Of the 50 
homes in which damp was reported 66% were 
also said to have mould or fungus, but only two 
families reported mould in the absence of damp; 
The local environmental health department had 
received complaints of damp or mould from only 
five of these premises, although in alii five cases 
dampness was confirmed after investigation by 
the department. 

Associations with Parental Reports of Symptoms 
The parents of 33 children reported that their 
child had wheezed at some time. Of these, 31 
(94%) were reported to have wheezed during the 
past two years and 21 (64%) during the spring 
term 1984. Of these 33 children 22 (67%) had 
attended their general practitioner at some time 
with wheeze, but only 16(48%) had done so in the 
past two years. Furthermore, a wheezing illness 
was found in the records of 27 children whose 
parents reported they had never wheezed. The 
association of parental reports and general 
practice records of wheeze was therefore not as 
strong as might have been expected. The associa¬ 
tion between general practice consultations for 
lower respiratory illhess and reported respiratory 
morbidity (school absence and nocturnal cough) 
was similarly weak. 

The associations between parentall reports of 
wheeze and the 12 features of the family and 
home environment were first assessed by uni¬ 
variate analysis (Table II). Significant associa¬ 
tions were noted with a family history of wheeze, 
an open bedroom window and damp or mould in 
the house. Multiple logistic regression analysis 
including the sex of the child and these 12 features 
as explanatory variables, with stepwise removal 
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Tamie I P*r** o/ •BOtiatiott (tKprntKfmniaiiot odd} of morbidity) bttwtn whirunt, jcAoW ttama tnd nocturnal coufh 
md 12/mtura of fAr home tonronmtni, botd on "porting ptrmo 


Autumn term IN} 


Risk factor 

Prevalence 

<*> 

Ever whccad 
(*".>* 

School 

absence 

(23*)* 

Nbaumal 

cough 

<49%)* 

Family history of whom 

41 

2.6* 

2.6* 

IP 

Family of 4 or more 

12 

1.0 

0.7 

1.0 

Other children in family 

$4 

1.1 

0j6 

0.7 

More than one person per room 

67 

1.0 

1.1 

0.6 

Others sleeping in bedroom 

51 

1.0 

1.1 

1.4 

Bedroom unheated 

60 

1.5 

1.1 

1L6 

Bedroom window open at night 

2S 

3.6* 

2.2 

1-3 

Gas appliance 

69 

0.9 

0J 

HO 

Goal appliance 

14 

0.1 

1.1 

2.7 

Parental smoking 

75 

2.1 

2.9* 

1.7 

Damp 

30 

2.7* 

3.0** 

4.<r« 

Mould 

21 

3.9** 

2.5* 

4P M 


* Prevalence 

*P<0.05. **P<0.0l. •••PCO.OOI 


of terms,, demonstrated that three faaors inde¬ 
pendently contributed to the risk of wheeze: a 
family history of wheeze (r 2 * 4.35, P<Q.QS), an 
open bedroom window (x 2 «9.76, P<0.0l) and 
mouldy housing (x 2 *9.88, P<0.01). Given these 
faaors, an unheated bedroom was of borderline 
significance (0.05<P<0.1). 

Absence from school owing to chest trouble 
during the two terms of the study was reported by 
the parents of 52 (32ft) of the children, with 41 of 
these absent during the autumn term. Similar 
associations were found on univariate analysis 
during eachi term, suggesting that additional 
questions about the home environment had not 
biassed the reported morbidity in the second 
questionnaire. The data relating to the autumn 
term 1983 are presented in Table 1. A family 
history of wheeze, parental smoking and damper 
mouldy housirig? emerged as significant nnt 
factors in univariate analysis. Multiple logistic 
regression analysis, using school absence during 
either term as the response variable, and the 
child's sex and'the 12 features of the home 
environment as explanatory variables, demon¬ 
strated independent contributions from a family 
history of wheeze (x 2 - 10.39; P<0.01) and mould 
(jrJ«7.04, P<0.01). When parental report of 
wheeze was included as a further explanatory 
variable, only family history remained as an inde¬ 
pendent risk factor, whereas the effect of wheeze 
was highly significant (x 2 «31.4. P<0.00l). 


The parents of 90(33ft) children reported that,, 
at some time during the spring or autumn term, 
their child had been kept awake by coughing, 81 
of these reporting cough during the autumn term. 
Again, the associations between environmental 
faaors and reported symptoms were similar for 
each of the two terms in the study, Noaumai 
cough during the autumn term was significantly 
associated with a family history of wheeze and 
damp and mouldy housing (Table 1), The asso¬ 
ciation with coal-buming was of borderline 
significance (x 2 »3,6, 0.05<P<0.1), Multiple 
logistic regression analysis using noaumai cough 
during either term as the response variable,, and 
explanatory variables as before, demonstrated 
independent contributions from a family history 
of wheeze (x 2 -9.93. P<0.01). coal 1 (x 2 »4.67, 
P<0.05) and mould (x 2 -11.89, P<0.00l). When 
wheeze was included as a further explanatory 
variable, it made an independent contribution 
(X 2 ■ 11.73, P<0.00l) but family history,, coal and 
mouldy housing remained significant risk factors 
for nocturnal cough (P<0,05 in each case). 

In the multiple logistic regression analyses 
reported above, no significant interaaions were 
found between the contributing faaors, although 
with a population of this size, interaaion effeas 
would have to be large to reach statistical signifi¬ 
cance. Thus, the effect of environmental faaors 
did not differ significantly between children with 
and without a family history of wheeze. 
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Twau 2 Drfrrc of assodarion (express*! es reietir* odds of morbidity) between consultations for wbtevnt illness end lower 
respirator? illness end llfutures of the home environment, btstd on penermlproctk* records 


Risk factor 

Prevalence 

(*> 

Wheezing Ulneu 

A#e 0-5 A|* 5-7 

(any) («ny) 

(»%)* (»%)* 

Lower respiratory tract illness 

A«e0-5 Aft 5-7 

(3 or more) (any) 

<IW0‘ <53«.)« 

Family history of wheeze 

41 

2.9* 

1.4 

2-0 

0.9 

Family of 4 or more 

12 

3.0 

0.3 

IJ 

1.2 

Other children in family 

M 

1.7 

0.6 

0.3 

12 

More than one person per room 

67 

HO 

0.7 

1.0 

0.7 

Others sleeping in bedroom 

38 

0.7 

0.9 

0.8 

0.9 

Rudroom unheated 

60 

0.7 

1.8 

0.7 

1.2 

Bedroom window open at night 

28 

1.3 

1.9 

0j8 

1.3 

Gas appliance 

69 

1.8 

1.0 

0j9 

1.2 

Coal appliance 

14 

1.0 

3 8 

0,4 

0.7 

Parental smoking 

73 

14* 

1.6 

1.3 

08 

Damp 

30 

2.1 

1.7 

1.2 

08 

Mould 

21 

2.2 

111 

1.0 

1.0 


* Prevalence 

•P<0.QJ, ••P<0.0l. •••P<Oj001 


Associations with General Practice Consultations 
for Wheezing and Respiratory Illness 
The associations between the 12 features of the 
family and home environment and general 
practice consultations for wheezing illness and 
lower respiratory illness at different ages were 
assessed by univariate analysis (Table 2). Despite 
the strong associations of certain environmental 
features with reported morbidity (Table I), these 
same features did not, overall, increase the 
probability of consultation with respiratory ill¬ 
nesses. When consultations for wheeze during the 
dint five yeah of life were considered separated, 
4here were significant assoc iationsWith a Igmuy 
'history j^of wheeze and parenul smoking 
(Table 2). Frequent consultations for lower 
respiratory illness at ages up to four years did not 
result in a significantly greater probability of 
consultation 1 with such an illness at age five to 
seven years (y : « 3.0, 0:Q5<P<0.0l)i These 
observations would suggest that neither current 
respiratory morbidity nor long-standing patterns 
of consultation behaviour have a great influence 
on consultations (or respiratory illness at this age. 

The lack of overlap between reports of wheeze 
by parents and in the general practice records was 
exploited to investigate whether the association 
of reported morbidity and the home environment 
was accounted for by biassed symptom reporting 
(discussed further below). Among the 432 
children whose parents denied wheeze, a recorded 
consultation for wheeze was weakly associated 


jvith p^maJ smoking (odds 3.7, yX- 3.5,0.05^ 
P<0.l)#and damp housing (odds 2.3, x : "3.1, 
0.05<P<0.1), suggesting that the association 
between symptoms and damp housing may not be 
entirely due to reporting bias. 

DISCUSSION 

Many of the studies relating respiratory 
morbidity in childhood to environmental factors 
have relied upon reports of symptoms or 
diagnoses by parents. Reporting behaviour by 
parents may not be independent of the environ¬ 
ment, particularly when the latter varies with 
socioeconomic status or is considered by the lay 
person to be detrimental to health. In a study of 
adult respondents, 43% of those living in areas of 
bad housing associated respiratory symptoms 
with their housing situation, whereas iniareas of 
good housing only I0 r « did so.* Here, general 
practice records provided an additional: data 
source against which it was hoped to verify 
parental reports oil cough andi wheeze. The 
correlation between reported morbidity and 
recorded consultations was not as close as might 
have beeh anticipated, and the associations which 
emerged, often at high levels of statistical signifi¬ 
cance, between the environment and reported 
symptoms were not found with 1 general practice 
consultations for wheeze or lower respiratory 
tract illness. 

This raises the possibility that reporting bias 
may account for some of the associations 
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observed. Parent* of symptomatic children may 
be more aware of potentially adverse environ¬ 
mental circumstances or parents who perceive 
their housing to be unsatisfactory may report 
symptoms of a different degree of severity than 
others. The design of the questionnaire survey to 
some extern guarded against such bias. The first 
questionnaire made no mention of interest in the 
home environment, enquiring only about 
symptoms. These symptoms were, nevertheless 
related to environmental variables derived from 
the second questionnaire. Furthermore, com¬ 
parison of the responses to each questionnaire did 
am suggest that inclusion of questions about the 
home influenced reporting behaviour. Also, if 
reported data were excluded, damp housing was 
still associated (albeit at borderline significance) 
with consultations for wheeze. While it is 
acknowledged that reporting bias cannot be 
entirely excluded without objective physiological 
data., it is considered unlikely that the observed 
associations are entirely artefactual. Some doubt 
must be cast on the validity of general practice 
records as indices of lower respiratory morbidity 
in this age group. 

The population studied was not representative 
of the city as a whole, but, by concentrating on an 
area of predominantly local authority housing, 
possible correlations bet ween housing conditions 
andi socioeconomic status were minimized. 
Furthermore, a number of other aspects of the 
home environment which might be expected to 
vary with social status were controlled in the 
analysis. In this population, highly significant 
associations emerged between damp and mould 
in the house and respiratory morbidity in 
children, at least as reported by their parents. On 
the grounds of the strength of the association, its 
consistency for all measures of reported 
morbidity studied! and its persistence when a 
number of possible confounding variables are 
controlled, damp, mouldy housing deserves con¬ 
sideration as a contributing cause of respiratory 
disease in children up to seven years old. Damp 
and mould are a common cause of complaint on 
aesthetic grounds. These potentially remediable 
conditions affect an estimated 2.5 million dwel¬ 
lings in the UK* and one-quarter of Scottish 
council houses. 4 The possibility that they might 
be a hazard to health should be more extensively 
investigatedi In this preliminary enquiry , no inde¬ 
pendent assessment of damp or mould w as made, 
but future studies could objectively assess both 


relative humidity and the presence of fungal 
moulds or the prevalence of airborne fungal 
spores. 

Others have reported an association between 
damp bedroom walls and wheeze in adults'® and a 
correlation between relative humidity in the 
bedroom and respiratory symptoms in children." 
Dampness encourages the growth of house dust 
mites, but it is unlikely that they are of aetio- 
logical significance in more than a few children 
with mite-sensitive asthma. 11 Most children who 
wheeze in early childhood eventually develop 
atopic reactions on skin-tests to common inhaled 
allergens," and it is possible that fungal spores 
from mould may react with sensitized bronchi to 
cause both cough and wheeze. Exercise is a 
common precipitating cause of wheeze in the 
asthmatic child! but the available evidence 
suggests that a damp environment should have a 
protective effect. 14 

At the age of seven years, however, few 
children exhibit atopic skin test reactions," andl 
only half of the children with recent wheeze ini 
this st udy were said to have attacks precipitated I 
by exercise. Most episodes of wheeze in early 
childhood are thought to be precipitated by 
infection, and in at least half of cases a virus can; 
be isolated." It has been suggested that' high 
relative humidity may encourage the transmission 
of viruses in droplet spray." 

The association of an open'bedroom window 
with wheeze, but not with school absence or 
nocturnal cough, raises the possibility that this is 
a response by parents to the child’s symptoms, 
rather than a factor of aetiological importance. 
In view of the likelihood that opening the window 
would raise the relative humidity of the room, 
such a response may be inappropriate."" The 
association of coal-fired appliances withicough is 
based on a small number of coal-fired homes but 
may warrant further consideration. 1017 Although 
unvented gas appliances have been associated! 
with respiratory symptoms in some studies of 
children of this age. 7 the relative risks quoted are 
small and might not be detected as significant ina 
study of this size. The data presented here do not 
support the hypothesis that greater condensation 
occurs in homes with gas cookers. 4 Parental 
smoking emerged as a less significant factor than 
might have been supposed! 111 but the analysis 
excluded the possibility that either smoking or gas 
fumes could account for the observed association 
between damp, mouldy housing and lower respir- 
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atory morbidity in this sample of primary school- 
children. 
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SUMMARY: From a national cohort of 8,806 children examined at 
ages seven, 11 and 16 years (National Child Development Study), 
datai on asthma or wheezing illness (AW) were analyzed to describe 
its natural history in childhood and its risk factors. Factors 
found to predict the subsequent onset of asthma included male sex 
of child!, mother's age at the child's birth, pneumonia, whooping 
cough, tonsillectomy/adenoidectomy, allergic rhinitis, eczema and 
periodic abdominal pain/vomiting attacks. A wide range of perinatal 
factors, including feeding practices, and social and family factors 
were shown to have no effect on natural history. 
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Risk factors for Asthma up to na«cnwe 17 usasuib-z**-*<*«*«**•* 
16 WafTof Age' _ ( " <w 

Asthma or wheezing it 


Evidence from a National Cohort Study 

H n Anderten, M M Bland. H D ; and 
C 5 MAam.UD 

From l oitkxu] cohort of 8,806 children examined at ages 
•even, II end 16 years (National Child Development Study), 
data on asthma or wheezing fflneu (AW) were analyzed to 
describe its natural history in childhood and Hs risk factors. 
Focton found to predict the subsequent onset of asthma in¬ 
cluded male sex of child* mothers age at the child’s birth, 
pneumonia, whooping cough* tonsillectomy/adenoidec- 
tonsy, allergic rhinitis, eczema and periodic abdominal pain/ 
vomiting attacks. A wide range of perinatal factors, includ¬ 
ing feeding practices, and social and family factors were 
pr -shown to have no effect on natural history. 

M uch of the existing epidemiologic evidence about the 
etiology of asthma rests on prevalence and follow-up 
studies and there is a serious lack of population-based cohort 
data. The National Child Development Study <CDSf 
originated in the National Perinatal Study* and went on to 
become a multipurpose cohort study of child development 
including health. While it was not designed specifically to 
study the epidemiology of asthma, it is nevertheless possible 
to obtain valuable information relating to the natural history 
of asthma. This article describes some of the findings from 
our analysis of NODS data which have implications for the 
etiology of asthma. 

Materials and Methods 

The NCDS followed-up at ages seven, U and 1 16 aU children in 
England, Scotland and wiles bom during one week of March, 1858. 
At each follow-up information about current or past asthma or 
wheezing illness was obtained as part of a structured questionnaire 
on medical and other topics administered to parents by health 
visitors The wording of the asthma questions varied at each inten 
view but it was nevertheless possible to classify subject* at each 
interview into three categories: no asthma or wheezing, previous 
asthma or wheezing but not in the past 12 months, and current 
asthma or wheezing (symptoms reported in the past 12 months) 
Based on these three possibilities at each of three interviews. 27 
mutually exclusive natural history categories can be created. Some of 
these contain small numbers or are of limited clinical or epidemio¬ 
logic interest, and so for the purpose of the present analysis a 
collapsed classification of sis natural history categories was used 
These natural history categories were analyzed in relation to 
medical and social data collected at each of the follow-up medical 
examinations and home interviews Factors that have previously 
been reported to be associated with asthma or wheezing were 
selected together with those considered likely to influence the 
natural 1 history of asthma, 

The overall association between a variable and the natural history 
category was tested using the Chi-squared test or one-way analysis of 
v »rianoe as appropriate Where there was a statistically significant 

"From the Department of Clinical Epidemiofogv and Social Medi- 
rine. St. Georges Hospital Medical School, ana the Department of 
Epidemiology, Institute of Child Health. LondOni England 
Rcpnnf requests Dr Andenon i Cltnicol Epidemiology and Social 
Medicine St Georges Hospua! Medical School. Cronmer Terror e, 
l^ndtm SW’ 17 QHE. England 


Age at interview 

(yrs) 

any time in past (percent) 

Crocs-tectional 

Cumulative’ 

7 

18 3 

183 

11 

12-1 

219 

16 

116 

*4.7 

•Using information from previous interview* 


Table t —Prevalence of Asthma or 

Wheeling tn 

it Month* Preceding Interview f« *8,606) 


Asthma or Wheezing in 

Age at interview 

past 12 months (percent) 



(yn) 

Crotf-secborul 

Cumulative* 

7 

6.3 

8 3 

11 

4.7 

10.7 

16 

3.5 

11.1 


• Using information hum previous interviews 


overall association, the relative risks of each natural history category 
were calculated. The statistical significance of the relative risk was 
tested by calculating 95 percent confidence intervals. 

Results 

Data on asthma or wheezing were obtained at all three 
ages for 8,806 of the original NCDS cohort of over 15.000 
children living in England, Scotland and Whies and available 
for follow-up at seven yean. 

The reported lifetime incidence of asthma or wheezing is 
shown in Table 11 Using data horn all three interviews, a total 
of 24.7 percent of children had experienced asthma or 
wheeze by the age of 16 years. When questioned at age 16 
yean, however, the proportion reporting past asthma or 
wheeze was less than half this figure (U.6 percent), The prev- 


Table 3 —Prvgnotu of' Asthma or Wheezing if Current 
(prut 12 month*) at Age 7 (n* 701) 


Pereutenc* of AW and 
«*e (ynl 

Percent of 7, year-old* who 
reported current AW 

Current at 11 

283 

Current at 16 

16.3 

Current at 11 end 16 

105 

Current ai 11 or 16 

34.1 

Not current at 1!1< or 16 

65 9 


Table 4 —Natural Hittory Cotegorie* In *8,806) 


Percent 

Category of sample 


Never had asthma or wheezing 75.3 

Onset before age 7 but not current at 7 ot 8 6 

reported 1 s u bsequen tJ y 

Current at age 7 Hut not reported subsequently 5 5 

Onset age 0 to 7 and also reported at 11 or 16 4 2 

Onset age 8 to 11 3 6 

Onset age 12 to 16 8:8! 
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Table 5— Factor* Predicting the Onset of Asthma or Wheezing 


Natural history 


^ Predictive fectors 

Overall x* 

P value 

Relative 
risk of 

By age 7 
not after 

At age 7 
not after 

Age 0-7 
and after 

•Age 8411 
onset 

Age 12-16 
onset 

Perinatal 1 








Sex of child! 

<0 001 

Boy: girl 

1 .1. 

112 

1.4* 

1.3* 

14* 

Mothers age 

<0.001 

15-19: 20-29 yn 

1.4f 

1.5* 

1.1 

1.9* 

17* 



15-19: 30+ yn 

16* 

1.3 

1.3 

1.9* 

2 0* 



20-29: 304 yn 

1.2 

0.9 

1.1 

10 

1.2 

S moking in pregnancy 

<0.001 

Smoker: Non-smoker 

1.3* 

1.2 

0.8 

110 

10 

Region of'child's 

<0.01 

North: Centre 

0.74 

0.9 

0.9 

07 

1.0 

birth 


North: South 

0 .8* 

0.9 

1.0 

09 

10 



Centre: South 

1.1 

10 

1.0 

1.2 

10 

Assessed at 7 








History of pneumonia 

<Cj001 

lbs: No 

10 * 

20 * 

4.3* 

1.5 

118* 

Tonsillectomy/ 

<0 001 

Ytr. No 

1.3* 

1.2 

1.2 

1.2 

114* 

tdenotdectomy 








Eczema in 1st year 

<0.001 

let: No 

1.2 

1.4 

5.4* 

1.7* 

1.5 

Eczema after 1st year 

<0.001 

Yes; No 

1.1 

1.3 

4.7* 

113 

1.7* 

Eczema on Dr. exam. 

<0 001 

Yes: No 

0.8 

1.1 

4.9* 

116 

11 * 

Hayfcver or sneezing 

<0.001 

lies: No 

1.3 

10 * 

7.1* 

1.5 

1.7* 

ever 








Periodic vomiting or 

<0:001 

Yes: No 

1 .2* 

14* 

1 .8* 

0 8 

1.4* 

bilious attacks ever 








Periodic abdominal 

<0.001 

Tes: No 

1.4T 

1.3* 

1.5* 

0.9 

14* 

pais ever 








Assessedat U 








Whooping cough ever 

<0.001 

Yes: No 

1 .2* 

1.3* 

14* 

1.4* 

1.4* 

Eczema in p*st year 

<0.001 

Yes . No 

111 

1.2 

4.2* 

119* 

1.7* 

Hayfcver or allergic 

<0.001 

Yes: No 

110 

1.2 

5.2 

22 * 

1.9* 


rhinitis is past year 


•P<0.05 


alence of current asthma was highest at seven yean (8.3 per¬ 
cent) but had fellen to 3.5 percent at 16 yean (Table 2). At 
each interview, the lifetime and current rates for the present 
cohort (those with data available at all interviews) were simi¬ 
lar to those among subjects interviewed only once or twice. 
Of those with current symptoms at seven, 28 percent re¬ 
ported current symptoms at 11 yean, 16 percent at 16 years 
and 11 percent at both ages (Table 3). 

For the purpose of analysis, the 27 patterns of question¬ 
naire response were collapsed into the six categories de¬ 
scribed in Table 4. 

From an etiologic standpoint two types of relationship 
could be discerned. In the first, a given factor was assessed 
prior to the onset of asthma or wheeze, and could therefore 
be considered predictive. In the other, the order of occur¬ 
rence of the factor and the onset ofasthma or wheezing could 
not, from the data available, be shown to be predictive be¬ 
cause the assessment of both fectort was concurrent Most 
factors found to be predictive are shown in Ihblb 5 together 
with i their relative risks. Any concurrent associations for 
these variables are also shown. Of the perinatal factors the 
most prominent was sex of the child and the mothers age at 
birth of the child. Multifactorial analysis was done to explore 
whether social class or breast feeding might explain this fetter 
relationship, but this was not the case: 

Of the factors assessed at seven or 11 years, the main ones 
predicting subsequent onset ofasthma or wheezing were 
atopic conditions—eczema or allergic rhinitis—and (at 

12SS 


seven years only) periodic vomiting or abdominal pain. A 
history of pneumonia (at seven years) and whooping cough (at 
11 years) were also predictive. Previous tonsillectomy or 
adenoidectoxny reported at age seven years predicted onset 
in adolescence (though not when reported at UyearsX 

Those fedora which were concurrently associated I with 
asthma or wheezing but not predictive are shown in Table 6. 
They mainly comprise upper and lower respiratory condi¬ 
tions but alio include fits or convulsions in the first year (but 
not continuing into later life), enuresis, headaches and one 
advene socioeconomic factor—sharing of one or, more 
household facilities. 

Those factors not associated with natural history are listed 
in Table 7. Notably, these included breast feeding, social 
class and a variety of indicators of socioeconomic circum¬ 
stances and family stress. 

Assessment of smoking in the household was inadequate, 
•variable only for the mother while she was pregnant and for 
both parents when the child was 16 years old. Smoking jn 
pregnancy was associated only with an increased Relative rfik 
ofasthma or wheezing during the earlyyears ofufe and smok¬ 
ing by one or both parents reported when the child was 16 
years was not related. At 16 years, the child's own smoking 
habit was unrelated to the presence of asthma or wheezing. 

Discussion 

The National Child Development Study was not designed 
to examine the etiology of asthma and there are a number of 
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Table h—Factors Concurrently Associated with Asthma or W&eccmg hut not Prndictioe 

Natural history 


Concurrent factors 

Overall x* 

P value 

Relative 
risk of: 

By 7 

not after 

At 7 
not after 

0-7 

and after 

8-11 

onset 

12*16 

onset 

Assessed at 7 yn. 

Household facilities 

<0008 

Shared :not shared 

U 

1.5* 

0.9 

10 

08 

Whooping cough ever 

<0.001 

Yes: No 

1.4* 

1.2 

14* 

12 

13 

Throat/ear infections with 

<0001 

Yes; No 

1.2 

1 .6* 

1.4* 

0.7 

10 

fever. >3 in past yr 

Running ears ever 

«U03 

Yes: No 

1.3* 

1.3 

0.9 

1.0 

1.2 

Fits or convulsions 

<0:001 

Yes No 

12 

1 .8* 

2.7* 

1.0 

0 6 

til 1st year 

Wet by day after 3 yrs 

<0 004 

Yes No 

112 

17* 

1.0 

1.5 

1.2 

Wet by night after 5 yrs 

<0.001 

Yes; No 

15* 

1.2 

1.0 

1.2 

1.1 

Assessed at 11 yrs. 

Household facilities 

<0.05 

Sharedmot shared 

L0 

1.4* 

u 

08 

11 

Recurrent throat/ear 

<0.001 

Yes : No 

U 

1.0 

15* 

l,7f 

11 

infections in past yr 
treated by Dr 

Discharging ears in 

<0.07 

Yes: No 

1.2 

1.3 

1 .8* 

1.6 

0.7 

past year 

Tonsils/adenoids removed 

<0JO0I 

Yes No 

1 .2* 

1.3* 

12 

1.2 

1.0 

Eczema on examination 

<0 001 

Yes: No 

08 

U 

4.9* 

1.6 

2 1* 

(Dr.) 

Recurrent headaches or 

<0001 

Yes; Nt> 

1 L2 

1.1 

1 .6* 

1.2 

U 

migraine past year 

Recurrent vomiting 

<0.09 

Yes: No 

10 

1ST 

13 

1.5 

l;0 

or bilious attacks in 


past year 


•P<0.05 


inadequacies in the nature and timing ofboth the assessment 
of asthma and wheezing and of etiologic factors. Against this 
9 the advantage that these data relate to a national represent¬ 
ative sample and ! contain a substantia] number of subjects 
followed-up over a long time; 

By including all children with reported asthma or wheez¬ 
ing, however mild, the present analysis may have missed 
associations that relate only to more severe asthma or 
wheezing, which is the main concern in medical practice. 
The daU doj however, albw a simple grading of severity and 
this is being analyzed at present 

Considering the logistics of such a national cohort study, 
the response rate for information about asthma or wheezing 
on all three occasions of 59 percent of the original NCOS 
cohort could be judged as successful. Nevertheless* this 
raises the possibility of bias, which has been examined in 
detail.’ It would appear that this is unlikely to have biased bur 
results for relative risks or incidence and prevalence esti¬ 
mates. At any particular age, the prevalence rates among 
children for whom we had linked data were similar to the 
rates among those not seen on each occasion. The 12-month 
prevalence rates observed at age seven years were similar to 
those of other population i surveys which have included all 
wheezing illnesses . 4 T 

As for as etiology is concerned, the most important find¬ 
ings in this study are those relating to factors which predicted 
Or did not predict the later onset of asthma or wheezing 
Among the perinatal factors a new and possibly important 
finding was that the risk of all natural history categories apart 
from persistent asthma or wheezing (reported on all three 


occasions) was increased in children of mothers who were 
under 20 yean of age at die birth of the child. This was 
independent of social class or breast feeding (which were 

Table 7 —Factor* Sot Bound to Be Predict** or 
Concurrently Associated with Asthma or Wfocsng 

... ■— „■■■' ■■■■■■■ • sj . ra. ..-a a as 

Perinatal 

Birthweight 
Gestational age 
Parity 

Breast/bottle feeding 
Birth order 
Rank in family 
Social class 
Assessed at 7 

Crowding in household 
Number of children in household 
Tenure of accommodation 
Social class 

Separation from mother 
In local authority care 
Absence of one or more biological parents 
Previous measles 
Assessed at 11 

Previous measles 
Social class 
Assessed at 16 

Age at menarche 
Pubic hair rating (boys) 

Smoking oi child 
Smoking of parents 
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uniwocuted with natural history anyway). Further analysis 
feund that the effect of maternal age existed within the 16 to 
19-yeaxvold age group as well. This finding needs to be 
confirmed by U88F studies and we can offer no plausible 
theory to explain it 

The increased risk of asthma or wheezing to boys agrees 
with other studies.' though our results differ from most in 
that the effect of male sex did not diminish at the age of onset 
of asthma increased. 

The question of whether breast feeding p rot e c ts against 
asthma is of great importance since, if true, it 
would offer insights into etiology and a method of prevention. 
The evidence is patchy, but a prospective study by Blair* 
found that asthma was more likely to persist in those who 
were bottle fed. Our results do not confirm this (hiding, nor 
wes any other effect of infant feeding practice on natural 

The association between natural history of asthma or 
wheezing and other atopic conditions confirms the abundant 
evidence from other prevalence and case-control studies. 
Additionally, however; we Lave demonstrated that periodic 
abdominal pain or vomiting attacks are also predictive and 
that headaches or migraine are an important concurrent asso¬ 
ciation, though felling just short of significance as a predictive 
fectot Such associations have also been observed in a 
separate prevalence study* and can no longer be regarded as 
speculative. We feel that elucidation of the nature of these 
associations is an important research priority. 

The last group of fecton feund to predict die onset of 
asthma or wheezing in adolescence were chest infections 
(pneumonia and whooping oough) and this finding has an 
important bearing on the question of whether and hew early 
childhood chest troubles may predispose to chronic lung dis¬ 
ease in iker life u indicated in a previous prospective* and 
retrospective study. “ 

There are various explanations for the associations we have 
observed. The report of pneumonia or whooping oough may 
have been a mistaken diagnosis for what was in reality 
asthma. Chest infection may have led to the later onset of 
asthma by creating some predisposition which remained 
latent until adolescence: Both chest infections and asthma 
may have a common environmental cause or may be the 
result of a common predisposition via some land of general 
“chesty" tendency. Perhaps the asthmatic tendency itself 
could predispose to chest infections and in some circum¬ 
stances the chest infection might be expressed prior to the 
first attack of asthma. 

Data about wheezing symptoms and chronic productive 
cough have been collected from this same cohort at the age of 
23 yean. Analysis of this additional information should pro¬ 
vide further important evidence concerning die origins of 
both asthma and chronic bronchitis. 

Conclusions 

The National Child Development Study is an important 
source of nationally representative longitudinal data. While 
not specifically designed to study asthma, analysis of the data 
has elucidated a number of factors that predict the subse¬ 
quent onset of asthma. These include male sex of the child, 
mothers age at child’s birth, pneumonia, whooping cough, 
tonsiUectomy/adenoidectomy, allergic rhinitis, eczema and 

tm 


periodic abdominal pain/vomitting attacks 

ACKNOWLEDGMENTS: We dunk Dt K. Fogelman andati col¬ 
leagues at the National Children! Bureau for giving us access to the 
data and Swatee Patel and Nick lait for helping with the analysis; 

References 

1 Davie R, Butler N, Goldstein H From birth to seven. The sec¬ 
ond report of the National Child Development Study (1958 
cohort). London; National Childrens Bureau. 1972 

2 Butler NR, A&erman E, ads. Perinatal problems. London: 
Livingstone, 1969 

3 Fogelman X ed. Britain's sixteen-year-olds London; National 
Childrens Bureau, 1976 

4 Williams H, McNiool KN. P revalence, natural history, and 
relationship to wheezy bronchitis and asthma in children. An 
epidemiological study. Br Mad ] 1969; 4421-25 

5 Burr ML, Eldridga BA, Bory sfe wtalX Paak respiratoryflow 
rates before and after exercise in schoolchildren Arch Dis Child 
1974:49*23-26 

6 Andereon HR, Bailey Cooper JS. Palmer JC, Wart $. Mo^ 
bidity and school absence caused by asthma and wheezing iU- 
Mts Arch Dis Child 1983; 56.777-64 

7 Speight ANR Lea DA, Hay EN. UoderdiagDort* and under 
treatment of asthma in childhood Br Mad ] 1983; 286:1253-56 

6 Gregg L Epidemiological aspects. In. Clark TJH. Godfrey S. 
ads. Asthma, 2nd ad. London; Chapman and Hall 1983442 

9 Blair H. Natural history cf childhood asthma: 20-y*er feifew-up. 
Arch Dis Child 19T7; 52.613-19 

10 Colley JKC Douglas JWB, Raid DD. R es p ir a to ry dtia as a in 
young adults; influence ofienriy childhood fewer respiratory tract 
iUneu, social class, air pollution, and smoking. Br Mad J 1973; 
tt; 196-96 

11 Burrows B, Knu dso n RJ, Lebowttz MD. The relationihip of 

childhood r e spirato ry illness to aduh obstructs* airway disease 
Am Rev Respir Dis 1977; 115:751-60 . 

Occupational Asthma 

Ho *a and/aan-Luc Halo. M D.t 

This article r e v i ews recent developments in the study of 
occupational asthma and implications for the overall under¬ 
standing of asthma. Occupational asthma is a dfnfeal syn¬ 
drome caused by many different agents. Contribution of: 
studies of experimental inhalation challenge using occupa¬ 
tional agents to the knowledge of asthmatic reactions and 
their mechanisms is discussed. Investigations in the occupa¬ 
tional environment into predisposing factors and per¬ 
sistence or recovery after exposure to an allergic agent or 
nonspecific irritant are rev i ewed. Approaches to diagraming 
asthma in the occupational environment and to assessing 
functional impairment end disability are outlined. Direc¬ 
tions for future research are identified. 

Qtudies in occupational asthma have provided considerable 
^ insight into the various etiologic fecton, possible patho¬ 
genetic mechanism and, to a certain extent, the clinical 
course of asthma For die purpose of this presentation; 
occupational asthma will be defined as asthma caused by a 
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Upper Respiratory Tract Infections: To What Degree Is Incidence 
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ABSTRACT: Risk factors for acute upper respiratory tract 
disease in childhood were evaluated in a population-based sample 
of the Atlanta metropolitan area. Mothers from 449 households 
containing 575 children less than 5 years of age were selected by 
random-digit dialing and questioned about upper respiratory tract 
infection and ear infection occurring in their children during 
the preceding 2 weeks. Household demographic and socioeconomic 
characteristics, maternal smoking history and child day-care 
attendance and breast-feeding information were also obtained. For 
children less than 5 years of age, the reported incidence of upper 
respiratory tract infection was 24%, and of ear infection, 6%. 
Controlling for the other variables measured, day-care attendance 
was associated with a significantly increased risk of both 
illnesses. For upper respiratory tract infection, increased risk 
was present for all children attending daycare (P = .02, odds ratio' 
= 1.6), whereas for ear infection, risk could be demonstrated only 
for full-time attendees (P = .005, odds ratio = 3.8). Maternal 
smoking was a second independent risk factor for a child's having 
upper respiratory tract infection (odds ratio = 1.7, P = .01). 
Thirty-one percent of all upper respiratory tract infection among 
day-care attendees and 66% of all ear infections among full-time 
day-care attendees were attributable to day-care attendance. Given 
the proportion of children in day-care, 9% to 14% of the total 
burden of upper respiratory tract disease in this population was 
daypare related. As use of child day-care facilities has 
increased, this specific exposure has become a major factor 
contributing to transmission of acute upper respiratory tract 
disease in childhood. 
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ABSTRACT, Risk factor* for acute upper respiratory tract 
disease in childhood were evaluated in a population-based 
sample of the Atlanta metropolitan area. Mothers from 
449 households containing 575 children less than 5 years 
of aft were selected by random-dipt dialing and ques¬ 
tioned about upper respiratory tract infection and ear 
infection occurring in their children during the preceding 
2 weeks. Household demographic and socioeconomic 
characteristics, maternal smoking history and child day¬ 
care attendance and breast-feeding information were also 
obtained. For children less than 5 years of age. the 
reported incidence of upper respiratory tract infection 
was 24%, and of ear infection. 6%. Controlling for the 
other variables measured, dsy-cart attendance was asso¬ 
ciated with a significantly increased risk of both illnesses: 
For upper respiratory tract infection, increased risk was 
present for all children attending day care (P ■ .02. odds 
ratio • 1.6). whereas for aar infection, risk could be 
demonstrated only for full-time attendees (P ».005, odds 
ratio * 3.6). Maternal smoking was a second independent•. 
risk factor for a child’s having upper respiratory tract 
infection (odds ratio • 1.7, P » .OIK Thirty-one percent 
of alii upper respiratory tract infection among day-care 
attendees and 66% of all ear infections among full-time 
day-care attendees were attributable to day-care attend¬ 
ance. Given the proportion of children in day care. 9% to 
14% of the total burden of upper respiratory tract disease 
in this population was day care related As use of child 
day-care facilities has increased this specific sxposure 
has become a major factor contributing to transmission 
Of acute upper respiratory tract disease in childhood 
Pediatrics 1987;79:55-60; upper respiratory tract infec¬ 
tion, dayman attendance. 


Infections of the upper respiratory system are the 
most common illnesses affecting children less than 
6 years of age in the developed world Although 
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these illnesses, including acute upper respiratory 
tract infection and otitis media, may occasionally 
progress to more aevere disease, most often they 
are self-limited. Despite their relatively benign na¬ 
ture, however, upper respiratory tract infectious 
illnesses are important causes of childhood morbid¬ 
ity, and their treatment consumes a substantial 
portion of available health care resources. 1 

During the past decade, it has been demonstrated 
that risk of a number of childhood infections, in¬ 
cluding hepatitis,* diarrheal diseases, 9 and invasive 
Haemophilus influenzae* is increased by day-care 
attendance. During this same time, the number of 
children younger than 5 years of age in the United 
States who are enrolled in day care has undergone 
a dramatic increase * Although several studies have 
suggested that the risk of upper respiratory tract 
disease may be increased for some day-care at¬ 
tendees** 4 the importance of this association has 
not been well defined 

In this study, we examined risk factors for acqui¬ 
sition of infections of the upper respiratory system 
in children less than 5 years of age and specifically 
evaluated the role played by day-cart attendance. 
Using population-based data, we determined the 
amount of illness attributable to this increasingly 
common childhood exposure. 

METHODS 

A cross section of all household* containing chil¬ 
dren less than 5 years of age in Atlanta was sur¬ 
veyed by telephone from mid-July through mid- 
September 1984. 

Sampling Procedure 

Telephone number* consisting of prefixes serving 
the study ares and four randomly selected final 
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digits wen generated by computer. Every possible 
telephone number in the seven counties composing 
the metropolitan area (population 1.9 million) had 
an equal likelihood of being selected and called; no 
call ^clustering techniques were used. Each number 
selected was called at least twice during business 
hours and at feast six times during evenings and 
weekends before being discarded. Only households 
with children less than 5 years of age were enrolled. 

Questionnaire Administration 

Using a standardized questionnaire, trained in¬ 
terviewers obtained informed consent and then cob 
(acted information from the guardian of the chil¬ 
dren in the household, preferably the mother. Data 
obtained included household demographic and so¬ 
cioeconomic characteristics, current maternal 
smoking history, and current breast-feeding and 
day-care attendance information for all children 
less than 5 years of age. Ail children within a given 
household were enrolled to ensure tbit our sample 
accurately represented all children in the study area 
with respect to household size and other related 
characteristics, A 15% sample of completed ques¬ 
tionnaires was validated with a follow-up telephone 
call; no child's illhess or day-care status was reclas¬ 
sified as a result of these calls. 

Definition! 

History of recent acute respiratory infection 
(cough, cold, or ear infection) was obtained directly 
from the child's guardian.*™ Because independent 
physician confirmation of illness was not required, 
we have used the term "ear infection'' rather than 
otitis media to denote parental reported cases of 
infections of the ear. Criteria including antibiotic 
administration and physician visit were used if 
respondents needed clarification. We did not at¬ 
tempt to identify specific etiologic agents. Incidence 
of disease rather than duration of symptoms was 
assessed. To limit interviewer and respondent bias, 
illness history was elicited' before parents were 
asked about day-care attendance. Children were 
considered case children if they had been ill with 
upper respiratory tract infection or ear infection at 
any rime during the 2 weeks before the interview 
was conducted! Day care was defined as regular (>4 
h/wk) supervised care of at least two unrelated 
children. Each child's dky-csre status was deter¬ 
mined individually, baaed on enrollment at the time 
of interview. Part-time enrollment was defined as 
five to 39 hours’ attendance per week and full-time 
as 40 or more hours per week. 

Analysis 

Two analyses of risk factors were undertaken. 
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one for children reported to have upper respiratory 
tract infection and the other for children reported 
to have ear infection. An automatic interaction 
detection program was used to assist in selection of 
variables for inclusion in an unconditional logistic 
regression model. Only associations that were bio¬ 
logically plausible were considered. We did not at¬ 
tempt to analyze or control for transmission of 
illness within households because we could not 
distinguish between primary and 1 secondary cases. 
The number of children younger than 5 years in 
the household; a variable included in the model, 
may serve as a surrogate for intrmfamilial 1 spread. 
Final models were obtained by first putting all 
candidate variables into the model and then elimi¬ 
nating any variable that was not significant and 
wboae elimination did not alter the odda ratio es¬ 
timates of significant variables by more than 15%. 
Etiologic fractions among exposed groups (EFe) 
were calculated by the formula: EFe - (probability 
of disease in exposed - probability of disease in 
unexpoeed)/(probability of disease in exposed) and 
were standardized for the entire population by 
weighting the values from individual strata accord¬ 
ing to the percentage of the population represented 
by that strata. The disease probabilities used were 
those determined by the regression model 


A total of 3,952 households in the study arcs were 
surveyed. Of these, 3,387 contained no children 
younger than 5 years, 78 were unwilling to answer 
whether children were present and 487 contained 
at least one young child. Of these latter households, 
complete interviews were obtained for 449 (92%). 
Twenty-six percent of households (118) contained 1 
more than one child; and information regarding 
illness was collected for 575 children, 

Upper Respiratory Trad Infection 

Twenty-four percent of the children aurveyed 
(139/575) were reported to have bad an upper res¬ 
piratory tract infection during the 2 weeks before 
the interview. The incidence of reported illness was 
divided equally by sex with 24% of both boys (75/ j 
307) and girls (64/268) affected! Race did not ap- j 

pear to be a significant risk factor; illness was !: 

reported for 23% of white children (96/421); 27% ! 

of blsck children (40/146), and 40% of children of j 
other races (4/10). The frequency of upper respi¬ 
ratory tract infection did vary somewhat with age; 
incidence in children younger than 36 months was 
27% (91/338), and in children 36 months or older, 

20% (47/232). 

On univariate analysis, children who attended 
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day-care facilities appeared to be more likely than 
children who did not attend to have had symptoms 
of an upper respiratory tract infection during the 2 
weeks preced ing the interview (32% (55/175) of 
attendees v 21% (84/400) of nonattendees; P m .01, 
X*). A significant difference in risk between part- 
time and full-time attendance could not be dem¬ 
onstrated, although there was a suggestive trend in 
children younger than 36 months (42% (23/55) 
incidence in full-time attendees v 28% (11/39) in 
part-time attendees, P - X Fisher exact test). The 
type of day-care facility, ie, residential u nonresi- 
dential, and the length of time the child had been 
•ttendihg were not statistically associated with the 
likelihood of upper respiratory tract infection. 

The association of day-care attendance with up¬ 
per respiratory tract infection was Amber evaluated 
by logistic regression in s model that contained 
other variables considered to be possible risk factors 
for disease. These variables included family income, 
crowding (dichotomized at less than o equal to or 
more than one person per room), and number of 
children less than 5 yean of age, maternal smoking, 
and child’s race and age (dichotomized at 36 
months): Current breast-feeding was included as a 
possible protective factor in children less than 6 
months of age. 

In this model, children who attended day care 
were significantly more likely than children who 
did not attend to have had a parent-reported upper 
respiratory tract infection during the 2 weeks before 
interview (odds ratio - 1.6, P - .02, Fig 1). Ih* 
addition to day-care attendance, • aecond factor, 
maternal ampking, was also associated with in¬ 
creased risk of upper respiratory tract infection 
{odds ratio - 1.7, P ■ .01). The effects of day-care 
attendance and maternal smoking were independ¬ 
ent of one another. Child’s age, although itself not 



msx r«£To*s 

Wfl 1. Probability of upper respiratory tract infection 
according to age, crowding, maternal smoking, and day- 
cart status. 


s risk factor (odds ratio ■ 1.2, P m .4), did signifi¬ 
cantly modify the effect of a third variable, house¬ 
hold crowding. Living in crowded conditions was 
significantly associated with upper respiratory tract 
infection in children younger than 36 months (odds 
ratio ■ 2.4, P ■ .02) but not in children 36 months 
or older (odds ratio ■ 0.6, P • .4). No statistically 
significant association with risk of upper respira¬ 
tory tract infection wss teen for family income, 
number of children lest than 5 years, and child’s 
race, and no protective benefit of breast-feeding 
could be demonstrated (Table 1). 

Clustering of illnesses within households did not 
seem to significantly affect the association of upper 
respiratory tract infection with day-care attend¬ 
ance. This relationship in households with only one 
child lew than 5 years of age was aimilar to that in 
bouaeholds with two ill children (odds ratio * 1.73 
v 1.72), and the prevalence of day-care attendance 
in ill children from households containing no other 
children less than 5 year* was similar to that ob¬ 
served in children from households with another ill 
sibling (41% [35/85] t> 40% (12/30)). 

Ear infection 

Sis percent (34/575) of children leu than 5 years 
of age were reported to have had an ear infection 
during the 2 weeks before the interview. Ear infec¬ 
tion was reported more often for boys than girls 
(7.2% v 4.5%), but this difference was not statisti¬ 
cally significant. Black children and white children 
were affected equally (6.1%); none of the ten chil¬ 
dren of other races were reported ill. Compared 
with upper respiratory tract infection, the incidence 
of ear infection was more influenced by age. Inci¬ 
dence was 8.6% (29/337) in children 0 to 35 months 
of age and 2.1% (5/233) in children 3 or 4 yean of 
age. Children with ear infection were significantly 
more likely than children without ear infection to 
have bad upper respiratory tract infection symp¬ 
toms during the preceding 2 weeks (65% (22/34)) v 
22% (116/535); odds ratio - 6, P < .001, Fisher 
exact test). 

Univariate analysis suggested that, as with upper 
respiratory tract infection, children attending day 


TABLE t, Variables Not Included in Final Upper Res- 
piiatoiy Tract Infection Model 


Variable 

Oddi Ratio 
(Point Ectimate) 

P Value 

No. of children <5 yi 

0,7 

.17 

Race 

1.1 

.76 

Breast-feeding 

Income (S) 

1.0 

J98 

0-19,999 

1.0 


10-34.999 

1.5 

.14 

*35.000 

1.0 

.91 
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care were at increased risk for development of ear 
infection. For ear infection, however, only children 
who attended a day-care facility 40 or more hour* 
per week could be shown to be at increased risk. 

1 This association with full-time attendance was 
present when either all children or only children 
younger than 36 months were evaluated (Thblk 2). 
Although the number of children with ear infection 
who attended day-care full time was relatively 
small, the type of day-care facility, ie, residential v 
nomeaidential, and the length of time the child had 
been attending did not appear to be associated with 
increased risk of disease. 

The association between full-time day-care at¬ 
tendance and ear infection was evaltiated in a logis¬ 
tic regression model containing the same variables 
that were used for the upper respiratory tract infec¬ 
tion analysis. Concomitant upper respiratory tract 
infection was not considered as a separate risk 
factor because this illness may, in many instances, 
represent an intermediate step between exposure 
to a risk factor and ear infection; 4 * 10 Clustering of 
ear infections within a household occurred only 
once and, thus, was not a factor in analysis. In the 
ear infection model! full-time day-care attendance 
was strongly associated with increased risk of ear 
infection (odds ratio ■ 3.2, P » .005). Age was a 
second important predictor of disease, with children 
younger than 36 months at higher risk than chil¬ 
dren 36 months of age or older (odds ratio - 3.3, P 
* .02). Among young children, as with upper res¬ 
piratory tract infection* crowding was an important 
factor predicting disease (odds ratio - 3.4, P ■ .01); 
in the older age group, data were insufficient to 
assess the effect of this variable (Fig 2). For ear 
infection, family income, number of children less 
than 5 years of age, maternal smoking, and child's 
race and breast-feeding status were not signifi¬ 
cantly associated with risk (T*ble 3). Two factors, 
maternal smoking and part-time day-care attend¬ 
ance, which were associated with the risk of upper 
respiratory tract infection, were not associated with 
the risk of ear infection. This finding may b•;dwr~ 
to the smaller numbers of children with ear in£»c^ 
tions and consequent lack of statistical power or 


TABLE 2. Incidence of Ear Infection by Day-Care At¬ 
tendance Status for All Children and Children 0 to 35 
Months of Age 


Bay-Car* Attendance 
Statu* 

Incidence of Ear Infection (%) 

AUGkildmn 

0-35 Mo 

Nonatteodee* 

4‘8 (19/395) 

7.0 (17/244) 

Part-time attendees 

411 (3/73) 

5.3 (2/38) 

Full-time attendees 

11.7 (12/102) 

18.2 (10/55) 

Status not available 

(0/5) 

(0/1) 

Total 

6.9 (34/575) 

8.7 (29/338) 
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Rg 2. Probability of ear infection according to age, 
crowding, and day-care status. 


TABLE 3. Variables Not Included in Final Ear Infec¬ 
tion Model 


Variable 

Odds Ratio 
(Point Estimate) 

P Value 

No. of children <5 yr 

0.7 

.43 

Maternal smoking 

1.1 

A2 

Race 

1.0 

.93 

Breast-feeding 

Income ($) 

1J 

22 

0^19,999 

1.0 


20-34^99 

0.9 

AT 

£35,000 

0.8 

.73 


alternatively to actual differences in risk faetors^or | 
these two syndromes. 

Attribute bte Risk 

Perhaps the most meaningful measure of the 
amount of tipper respiratory tract disease associ¬ 
ated with day-care attendance is the etiologio frac¬ 
tion among the exposed children or EFe^^H j 
which can be interpreted as the proportion of res- i 
piratory illness among children who attend day care j 
that is directly related (“attributable") to this ex- I 
poture. 

In this study, the EFe<a*,*«»*i for upper respiratory 
tract infection, adjusted for the other variables 
shown to be associated with upper respiratory tract 
infection, was 31%. Thus, approximately one third 
of upper respiratory tract infections in children who 
attend day care may be attributable to this specific 
exposure. The EFe^^j for upper respiratory TC 
tract infections varied slightly by age and was 30% O 
for children younger than 36 months and 33% for M 
children 36 months of age or older. Cw 

Forear infections, the EFe<f U ij- u ^ l d«y^f*v was 66%, Gw j 
standardized for the other variables shown to be M 
associated with ear infection, and thus approxi- Cm 
mately two thirds of ear infection contracted by 
full-time day-care attendees may be directly re- C/l 
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TABLE 4i Etiologic Fraction Among Exposed Groupi 
* ' (EFt +y mn* and 1 Popul* ti on Attributable Risk of Upper 
Respiratory Tract-litfsction and Ear Infection Associated 
with Day-Care Attendance_ 


Child's Infection 
sod Aft (Mo) 

rr«, r — Children 
Attending 
Day-Care 
<*) 

Population 
Attributable 
Risk (%) 

Upper respiratory 
tract 

6-35 

.30 . 

29 

9 

3X36 

.33 

34 

11 

Ear infection 

6-35 

.64 

16 

10 

*36 

.68 

20 

14 


laud to (hat specific exposure. The age-specific 

EFtt mm tf _i for ear infection was 64% for 

children 0 to 35 months of age, those at highest 
risk* and 68% for children 3 and 4 years of age. 

The amount of upper respiratory tract disease in 
ml) young children that is directly related to day* 
care attendance (the etiologic fraction among the 
population, also called the population attributable 
risk) depends not only on the proportion of illness 
related to attendance but alto on the proportion of 
children who attend. This latter figure is likely to 
depend on a variety of factors including geographic 
region, season of the year, and age of the children 
involved. In Atlanta, during the summer of 1984, 
the population attributable risk for day-care at¬ 
tendance varied between 9% and 11% for upper 
respiratory tract infection and between 10% and 
14% for ear infection, depending on child’* age 
(Table 4). 

DISCUSSION 

Although more than 11 million children in the 
Ubited States attend some form of day care, n esti¬ 
mates of risk have not been available for many of 
the illnesses to which these children are exposed, 
and the need for population-based studies has be¬ 
come increasingly apparent. 11 * 13 In particular, al¬ 
though the association between day-care attend¬ 
ance and infections of the upper respiratory system 
was suggested more than 35 years ago, 1 ’ the contri¬ 
bution of day-care exposure to overall risk for these 
diseases has not been defined. 

This study was designed to quantify the relation 
between day-care attendance and risk of childhood 1 
upper respiratory tract infections. Controlling for 
the effect of other risk factors, children in this 
cohort who were enrolled in day care were substan¬ 
tially more likely to have both upper respiratory 
tract infection and ear infection. Because these 
children were randomly selected from the general 
population, we could calculate that approximately 


one third of upper respiratory tract infections 
among day-care attendees and two thirds of ear 
infections among full-time day-care attendees were 
directly related to attendance. Because data regard 1 
ing the proportion of children in the population 
attending day-care facilities were also available, we 
were able to estimate that 9% to 14% of all upper 
respiratory* tract infections and ear infections in 
children less than 5 years of age may occur as a 
mult of day-care attendance, a figure generalizable 
to otber areas to the extent that day-care attend¬ 
ance patterns in Atlanta are similar to attendance 
patterns elsewhere. These estimates provide a use¬ 
ful assessment of the influence of day-care attend¬ 
ance on the overall risk of upper respiratory tract 
infection in young children. Respiratory illness re¬ 
sults in an estimated 17.4 million physician visits a 
year in the United States’ and for otitis media 
alone, an estimated annual expenditure of more 
than $2 billion. 14 

These percentages should be interpreted with 
Appropriate caution. Having a child in day care may 
alter the likelihood that parents will notice and 
report illness in their children. This study deter¬ 
mined a point estimate of risk based on parental 
reporting of illness during a 2-week period and, as 
such, should be viewed as only a first step in quan¬ 
tifying the effect of day-care attendance on the 
incidence of childhood upper respiratory tract in¬ 
fections Nevertheless, the case definition based on 
parental reporting can be partially validated by the 
results of the analysis. If parents were reporting 
respiratory infections when no illness had occurred; 
one would not expect to find significant associa¬ 
tions with crowding or maternal smoking. The sub¬ 
stantial portion of upper respiratory tract infection 
linked today-care attendance in this study auggesu 
that it would be useful to determine whether spe¬ 
cific etiologic agents may be particularly associated 
with this risk. 

Additional studies that assess risk over season 
should be undertaken. For example, the risk of 
upper respiratory tract ^infection associated with 
day-care attendance calculated by this study may 
be a minimum estimate; day-care attendance may 
be more strongly linked with disease during the 
winter respiratory illness season when the likeli¬ 
hood of the introduction of upper respiratory tract 
infection into a day-care facility may be greater. 
Alternatively, a greater background incidence of 
viral infection during the winter might reduce the 
added risk associated with day-care attendance. 

Several aspects of analysis other than the relation 
between upper respiratory tract illness and day¬ 
care attendance deserve comment. The similarity 
of the risk factor models for upper respiratory tract 
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infection and ear infection demonstrates the close 
association between these two illnesses and reaf¬ 
firms the likely role of tipper respiratory tract in* 
f actions in the pathogenesis of ear infection.* 10 Tbt 

data regarding maternal rooking underscore the 
link between passive exposure to smoke and devel¬ 
opment of upper respiratory tract infection in chil* 
then. 1 * 1 * In this study, the proportion of upper 
mpiratory tract infections in children of smoking 
mothers attributable to this exposure (34%) and 
the total population attributable risk (10%) were 
comparable to those calculated for day*care attend¬ 
ance. 

As risk factors, however, there is a major differ* 
ence between maternal smoking and day-care at¬ 
tendance. Whereas maternal smoking is totally pre¬ 
ventable, day-care attendance is not. This differ¬ 
ence highlights an increasingly obvious dilemma: 
child day care provides an irreplaceable service; yet, 
by its nature, it also results in enhanced transmis¬ 
sion of infectious illnesses. The most practical ap¬ 
proach to this problem—reduction of risk among 
those children who attend—rests on the assump* 
tion that differences in day-care facilities and chil¬ 
dren's exposures within those facilities may affect 
degree of risk. For diarrheal disease, this assump¬ 
tion seems warranted; risk has been shown to be 
influenced by a variety of specific day-care charac¬ 
teristics. 3 Whether the same is true for respiratory 
disease remains an open question^ Identification of 
specific factors that are associated with increased 
risk, of upper respiratory tract disease within day¬ 
care facilities should be a primary goal of future 
study: 
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ABSTRACT: Lack of empirical evidence that living in 
damp houses has detrimental effects on health may partly be due to 
inadequate research. A preliminary study was therefore carried 
out of a random sample of council owned residences in a deprived: 
area of Edinburgh, a respondent from consenting households being: 
interviewed to obtain a profile of the physical and mental health 
of all adults and children. In addition, information was gathered 
about other factors that might be important, particularly smoking 
and selective bias in the allocation of tenants to houses. 
Independent measures of dampness were made by environmental health 
officers. 

No conclusive effects of damp on the health of adults were 
identified. Nevertheless, children living in damp houses, 
especially were fungal mould was present, had higher rates of 
respiratory symptoms, which were unrelated to smoking in the 
household, and higher rates of symptoms of infection and stress. 

Housing should remain an important public health issue, 
and 1 the effects of damp warrant further investigation. 
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Housing conditions and ill health 

CLAUDIA J MARTIN, STEPHEN D PLATT, SONJA M HUNT 


Abctnct 

Lack of empirical evidence that Irving in damp tonnes has 
detrimental effects on health may partly he due to inadequate 
research. A preliminary study was therefore carried out of a 
random sample of council owned residences m a deprived area of 
Edinburgh* a respondent from consenting households being 
interviewed to obtain a profile of the physical and mental health 
of all adults and children. In addition* information was gathered 
about other factors that might be important, particularly smoking 
and selective bias in the allocation of tenants to bouses. 
Independent measures of dampness were made by environmental 
health officers. 

No conclusive effects of damp on the health of adults 
were identified. Nevertheless, children living in damp houses, 
especially where fungal mould was present, had higher rates of 
respiratory symptoms, which were unrelated to smoking in the 
household, and higher rates of symptoms of infection and stress. 

Housing should remain an important public health issue, and 
the effects of damp warrant further investigation. 
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Introdhcbon 

The BMJ argued recently that the health implications of poverty, 
unemployment, and inadequate housing were not being emphasised 
strongly enough and made a plea for the formation of a public health 
alliance to highlight these issues.' Certainly, the role of bousing 
conditions in the aetiology of illhess appears to have received 
comparatively little attention since the decline of tuberculosis in the 
1950s. 

Most recent studies of housing conditions have concentrated Ion 
the relation between bring in a damp house and i respiratory 
complaints such as asthma 1 and wbe*». M Rising and penetrating; 
damp provide the moist conditions conducive to germination of 
spores of mould fungi. Fungal spores, in turn, are believed to affect 
the respiratory tract by producing lesions in tissue, by forming 
saprophytic colonies on plugs of mucus, and by acting as allergens 
causing rhinitis, alveolitis, and asthma.'* Some studies have 
suggested that ambient humidity influences the viability of viruses 
in droplet sprays. *• Tbe association between damp bousing and 
health problems, however, is nor clear cut, possibly being comply 
cated by other factors known to affect health, such as smoking and 
poverty. A further serious flaw has been that the presence of damp 
has been reported by the householder or by tbe research team, 
casting doubt on the objectivity of the findings because of either the 
tenant’s desire to get rehoused or bias in the experimenter. 

This study was carried out in response to the concern of residents 
in a deprived area of Edinburgh about the possible effects of damp 
on their health. The preliminary study aunedlat invtstigaiing the 
relation between damp bousing and the physical and mental health 
of tenants and their children. 

Edinburgh city is ringed by estates of council housing of varying; 
quality and desirability, and the study area is regarded as one of the 
less (but by no means least) desirable in which to live (R Brown, 
unpublished master’s dissertation, 19S6). The area consists of 
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only respiratory problems but other symptoms suggestive of 
infections And stress were more common in children in damp 
'dwellings. 

’* Respiratory problems may be due to the fact that the spores of 
many fungii act as allergens, sensitising mucous membranes and 
producing symptoms of wheezing, cough, fever, and general 
malaise in both atopic and non- 1 topic people.* 1 Vomiting and 
diarrhoea in children in damp bouses art harder to explain. 
Neverthcle ss^if mY Cotoxms in fungi were ingested their metabolites 
might give rise to the symptoms.* 1 It seems probable that headache 
and ‘‘nerves’’ tn the children may partly be related to the other 
symptoms or be a response to tension in the home; equally, 
however, they may be symptoms of emotional upset, possibly 
associated with recurrent symptoms, disruption of school and social 
activities, and the living conditions themselves. 

Several studies have, suggested an association between poor 
iKnising and hcaJth problems.^ 1 * Acceptance of these findings and 
action on them, however, have been conspicuously absent, explana¬ 
tions including the financial and political implications of improving 
housing. At the scientific level most studies have been criticised on 
the grounds that the relation of ill health to poor bousing could be 
confounded by other variables, such as low income, smoking, type 
of heating, o verc ro w ding, housing allocation policies, and bias of 
experimenters or respondents, or both. This study, though based 
on fairly small numbers, has addressed such criticisms. It is plainly 
impossible to allow for all confounding factors; however, several 
alternative explanations of our findings appear to be unlikely. 

Firstly , the sample was homogeneous with re sp e c t to social class 
and income. More than three quarters of respondents or their 
partners, or both, actually in employment were in manual occupat 
tions. Virtually all the households were on low incomes, and there 
were no income differences between those m damp and non-damp 
houses. 

Secondly, the results show that certain aspects of the respondents* 
behaviour were not implicated. In particular , smoking made no 
contribution to children's respiratory symptoms. This is at variance 
with other studies, 11 "but our sample was drawn from a soda! group 
with high rates of smoking," and the adverse effects of parental 
smoking on children are largely confined to children under the age 
of 1 year. - Ov er crow d ing and the number of children in the 
household were not contaminating factors; even after controlling for 
these factors significant effects for dampest remained. The use of 
Calor gas fires in the home was not associated with either dampness 
or children**respiratory symptoms. Indeed, that the damp bouses 
were mostly confined to particular streets makes it unlikely that the 
tenants themselves created the conditions which pvt rise to damp. 

Thirdly , issues of self selection and bias in the allocation of 
tenants to dwellings must be addressed—chat is, that the "sick" may 
be more likely to move into poor bousing or be allocated the worst 
properties. For the most pan council tenants have little choice about 
where they wiU live and, though the low desirability of the study 
area inevitably leads to some self selection, it is by no means the least 
desirable of the council housing schemes in and around Edinburgh. 
Families living in damp houses were more likely to have come from 
poor conditions, but they were not more likely to have moved for 
health reasons. It was children, not adults, with poor health who 
were more likely to be living in damp houses; there was no evidence 
that behaviour problems in children were a factor in the allocation of 
families to particular houses. The only clear selection bias operating 
appeared to be of the infirm elderly being allocated better housing. 
There were no significant differences between damp and uoD-damp 
households in the length of time tenants had lived in their homes, 
and most had lived in the same house for more than five years. 

A&in most surveys, information about respondents* and children** 
health was reported by the respondent. Physical examination of all 
household members was beyond the scope of this study . Inevitably 
this raises questions about the possibility of reporting bias. Dif¬ 
ferential overreponing by those in damp houses would be manifested 
in respondents’ reports of their own as well as their children’s 
health; but it was clear that health differences were confined to 
children: Perhaps even more importantly, respondents who reported 
their homes to be damp were not more likely to report symptoms 


either in themselves or in their children. The possibility of 
experimenter or respondent bias was minimised by having an 
independent survey of damp and not comparing data on dampness 
and health until the health data were codedi 

Though it might be suggested that smokers may underreport 
symptoms such as coughing or wheezing, this was not the case in our 
study, where the highest rates of respiratory symptoms were found 
in heavy smokers. This, in rum, suggests that children’s respiratory 
symptoms were not being underreported. Finally, there was no 
association between the respondents* mental state and the reporting 
of physical symptoms in children, suggesting that “psychologically 
distressed**mothers were not ov er r ep oning health problems in their 

children. 

This study considered obvious confounding factors which might 
explain the findings and has gone a long way to ruling out selection 
and reporting biases. The findings appear to be robust and the 
association between living in • damp bouse and ill health in children 
cannot easily be attributed to other factor*, dearly, the number of 
households studied was fairly small and a larger investigation, mist 
the mme double blind methodology, » warranted and is being 
planned:Tf our findingwe replicated the public health implications 
will require urgent consideration. Improvements in the health 
of the population in the past 100 year* have largely been a 
consequence of improved living condition* and thus a healthier 
home environment. 11 The early exposure to an adverse living 
environment is likely to increase vulnerability to illness in Later 
life—particularly to the chrome respiratory diseases, 0 which are 
still a main cause of morbidity and mortality in Britain. 
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Koo, L.C., Ho, J.H.C., Matsuki, H., Shimizu, H., Mori, T., Tominaga, 
S. "A Comparison of the Prevalence of Respiratory Illnesses among 
Nonsmoking Mothers and Their Children in Japan and Hong Kong" 
American Review of Respiratory Disease 138:290-295, 1988. 

SUMMARY: Previous epidemiologic studies have associated 
symptoms of chronic bronchitis and other respiratory diseases with 
the risk for lung cancer. To assess the possible precursor or 
premonitory role of these conditions for lung cancer among 
nonsmokers, a comparison of the prevalence rates of these 
conditions in 2 urban industrialized communities (Hong Kong and a 
Tokyo suburb) with a 300% difference in female lung cancer 
incidience rates was conducted. A community survey of 314 
nonsmoking mothers and their children in Hong Kong, and 243 mothers 
and' children in Japan showed that the prevalence of reported chronic 
cough and sputum symptoms was 10 or more times higher in Hong Kong: 
than in Japan. The disparity in the rates of respiratory 
diseases/symptoms was most apparent in the comparison of children. 
Occupational exposure to dust or fumes and larger household sizes 
were found to be associated with higher levels of respiratory 
illnesses among the Hong Kong mothers. The much higher prevalence 
rates of respiratory symptoms among Hong Kong than among Japanese 
subjects correlated! with each community's female lung cancer 
incidence rates of 27.1 versus 8.1/100,000, respectively. 
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A Comparison of the Prevalence of Respiratory Illnesses 
among Nonsmoking Mothers and Their Children 
in Japan and Hong Kong 12 
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and SUKEXAMI TOMINAGA 
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Introduction 

A previous study on lung cancer among 
Hong Kong Chinese females found that 
patients with lung cancer were more likely 
to report a previous history of chronic 
cough or phlegm expectoration than were 
age-matched control subjects (1)j These 
results were applied to those who had ever 
or never smoked, and a dose-response 
relationship was found between increas¬ 
ing yean of experiencing these symptoms 
and risk for lung cancer. 

The association of a previous history 
of respiratory diseases such as chronic 
bronchitis and pneumonia with lung can¬ 
cer was first reported by Doll and Hill 
in their 1952 study on the etiology of lung 
cancer (2). Subsequently other studies 
(3-5) also reported this association, al¬ 
though most did not segregate the effects 
of a past history of active smoking and 
the occurrence of these diseases. 

Because Hong Kong Chinese females 
tend to have notably high lung cancer in¬ 
cidence rates, with a 1982 world age- 
adjusted incidence rate of 27.1 per 
100,000 (6), a comparative study of fe¬ 
males from a low incidence area such as 
Japan, with a world age-adjusted inci¬ 
dence rate of only 8.1 per 100,000 (7) for 
1975-1979 in the Kanagawa Prefecture, 
might shed some light on this possibk 
etiologic association. Both societies are 
racially similar and! share a predomi¬ 
nantly urban, industrialized environment. 
Yet their cultural habits and diets are suf* 
ficiently different to raise the possibility 
that their respective exposures to a vari¬ 
ety of pollutants or protectors account 
at least in pan for the 300°7® difference 
in 1 their lung cancer rates. 

The purpose of this cross-sectional 
study was to compare the prevalence rates 
of respiratory illnesses among children 
and mothers residing in 2 communities, 
one in Japan and the other in Hong 
Kong Only subjects with no previous his¬ 


tory of active smoking were included; We 
wanted to know if differences found in 
their respective prevalence rates of respi^ 
ratory illnesses would help explain the 
differing Iting cancer incidence rates in 
the 2 populations. In addition, we wanted 
to know if these data could point to pos¬ 
sible precursor respiratory conditions 
that might increase the individual's sus¬ 
ceptibility to environmental carcinogens 
or that might indicate early premonitory 
symptoms since lung cancer is usually de¬ 
tected decades later. 

Method* 

Japanese Subjects 

In July 1982, students from Grades 2 through 
6 attending 2 public primary schools around 
the Tokyo area were surveyed. One school was 
located at the Suginamirward! in Tokyo and 
the other in Aikawa in the Kanagawa Prefec¬ 
ture, which is located about 50 kilometers west 
of Tokyo. The mothers of the surveyed chil¬ 
dren were also studied. These subjects were 
chosen from these districts because they would 
be representative of Japanese living in urban 
and rural environments in Japan. The 
Suginami-ward is a typical urban residential 
area with several heavily traveled roads travers¬ 
ing the districti The Aikawa area is charac¬ 
teristically rural without major factories and 
heavily traveled roads. 

The response rate was 99 6^» for the 457 


children and 88.2% for their 403 mothers/ 
guardians. Out of this sample, the following 
data were not included in this analysis: in¬ 
completely answered questionnaires (n - 38). 
guardians who were not mothers of the chil¬ 
dren (n * II), any who reported a previous 
history of active smoking (n * 68), and. in 
situations where 2 or more children from the 
same family were surveyed and attended the 
same school (n - 95), only I of the children 
was randomly selected. Thus, the results from 
243 mother-child pairs were analyzed for this 
study. 

Hong Kong Subjects 

A government-subsidized primary school in 
the Ngau Tau Kok area of the Kwun Tong 
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-_ r ~ . TABLE V 

AGE DISTRIBUTION AMONG MOTHERS 


TABLE 2 

AGE DISTRIBUTION i AMONG CHILDREN 


Hong K6ng 


Japan 



Ag* 


Hong Kong 


(P) 

m 

(n) 

<%> 

(yr) 

IP) 

IH) 

(PI 


16 

57 

13 

54 

6 

0 


11 

45 

99 

31 5 

79 

33 i 

7 

10 

32 

44 

16 1 

123 

392 

87 

36 4 

8 

46 

14 6 

20 

8 2 

39 

12 4 

49 

20 5 

9 

S4 

172 

45 

165 

27 

66 

ID 

42 

10 

60 

255 

29 

119 

e 

25 

li 

04 

11 

46 

153 

62 

33 7 



4: 


12 

67 

21 3 

12 

49 

314 


243 


13 

9 

2 9 

- 


376 


39 3 


Total 

314 


243 






Maan ag#* 

10 li 


94 


• 0 412 




Gift* 


46 


46 


'iW P +*** 


district of Hong Kong was selected in cooper¬ 
ation with the local government's Department 
of Education to represent subjects from a 
working class neighborhood. The site is sur¬ 
rounded by public housing in high-rise build* 
mgs and by small stores, and is within a few 
blocks of the small- and medium-sized fac¬ 
tories that art common in this district. 

Initially, 2 classes from each grade of 2 to 
6 were planned for the study since each class 
averaged 36 students, and these numbers 
would approximate the age and sex distribu¬ 
tion of t he Japanese subjects However, after 
data collection began, it was realized that 
some students in different classes were sib¬ 
lings, so an i additional class in Grade 4 was 
included in the study. Thus, a total of li 
classes, 390 children and mothers were 
contacted for the study. The response rate for 
the return of the questionnaire was 100*Y 
for the children and 97^i for their moth- 
eiVguardian (II did not return the question¬ 
naire). Using the same inclusion criteria as 
those for the Japanese subjects, 314 mother- 
child pairs were included in this analysis. To 
simulate the summer weather conditions of 
the Japanese collection time, the survey was 
conducted from May 20 to 30,1985. The mean 
temperature and humidity in Hong Kong dur¬ 
ing the data collection period was 27* C and 
81^i humidity. The same data for Tokyo dur¬ 
ing July 1982 was 22* C and 77^», respec¬ 
tively. The Hong Kong data were collected 
in late May instead of July because the stu¬ 
dents would be off for summer vacations and 
thus not accessible. 

Data Collection Forms 
A modified version of the questionnaires orig¬ 
inally developed by the American Thoracic 
Society Division of Lung Disease (ATS-DLD) 
(8) and the British Medical Research Council I 
(BMRC) (9) to survey the prevalence of re¬ 
spiratory diseases was used. Questions were 
asked on the occurrence of the following: 

chronic cough or phlegm of >3 months du¬ 
ration («o eliminate those associated with 
acute upper respiratory tract infections), bron¬ 
chitis, pneumonia, asthma, tuberculosis. al* 
lergic rhinitis, and other chesi diseases 

The version for the children also included 


* r mm * 0 0001 

t 'MMt p via* • O SM 


questions on sources and amounts of passive 
smoking exposure, and whether the child par¬ 
ticipated in home cooking activities. These 
questionnaires were distributed to the chil¬ 
dren at school and taken home with instruc¬ 
tions that it be answered for the child by the 
mother or female guardian. 

The version for the mothers included more 
detailed questions on cooking activities, ac¬ 
tive smoking history, and exposure to dust 
or fumes in the workplace. These question¬ 
naires were distributed to the children at 
school with instructions that they should take 
them home for their mothers to fill out. 

Data Analysis 

The data collected in the questionnaires were 
coded and then processed by computer using 
the SFS5-X statistical package. Because the 
questionnaire asked about respiratory symp¬ 
toms (Le., cough, sputum, wheezing) and re¬ 
spiratory diseases (jie., pneumonia, allergic 
rhinitis, bronchitis, asthma, tuberculosis), 
both were covered under the term “respira¬ 
tory illnesses." These terms are distinguished 


in this study because “respiratory symptoms" 
is a Uy term that i* easier for the subjects to 
identify with, whereas “respiratory diseases" 
would mean that a physician had diagnosed 
such a condition. 

Analysis of the data included descriptive, 
comparative, and analytical work. In com¬ 
paring the results between subjects from Hong 
Kong versus those from Japan. / tests or chi- 
square tests were usually done to estimate the 
statistical significance of the findings. Anal¬ 
ysis on the relationship of m u Ittple illnesses 
per person and various exposure categories 
utilized Pearson's goodness of fit test. A test 
for linear trend in the proportions was done 
when dose-response relationships were sug¬ 
gested (10). To statistically assess the risk 
among the exposed group versus the unex- 
posed group, the following were calculated: 
relative risks as the ratio of these 2 propor¬ 
tions, attributable risk as the percentage of 
the overall risk in the exposed group, and the 
population-attributable risk as the difference 
in risk among the whole population (which 
we assume the entire sample represented) and 
the risk in the unexposed group (10). 

RtftUttS 

The age distribution of the 314 Hong 
Kong Chinese mothers and 243 Japanese 
mothers is shown in table I. The Hong 
Kong Chinese mothers tended to be 
slightly younger, with a mean ageof 37.8 
versus 39.3 yr among the Japanese 
mothers, but these differences were not 
statistically different (/ test, p value * 
0.41). On the other hand, the 314 Hong 
Kong school children were slightly older 
than their Japanese counterparts (table 
2), with the mean age of the former be¬ 
ing 10.1 yr and that for the latter being 
9.4 yr, which was statistically significant 
(if test, p value - OjOOOI). The sex ratio 
for the children was not significantly 


TABLE 3 

PREVALENCE of self-ae ported respiratory illnesses among 
NON-SMOKING MOTHERS 


RMptfatory Symptom/Diaaa*a 


Pravawnc* f 1 W) 


Hong Kong 
(n - JT4) 

Japan 
(p - 242) 

Crw-Souata 
p Vatua 

Chronic cough > 3 month*. H 

5 7 

0 4 

0006 

Chrcwc phwgm > 3 month*. H 

8 0 

0 4 

0 0000 

Cough ana pnt#gm > 3 month*. H 

32 

04 

0 0197 

Cough Of phWgm * 3 month* H 

105 

0 4 

0 0026 

BfOftChrti* H 

76 

58 

03623 

Ev#f h*a pnaumoniij H 

10 

29 

00697 

Evtr ha*mrni 

V3 

29 

01765 

Ew hac tu&#rcu*o»i* % 

16 

21 

C 6817 

Evat had iau«rg*c mimti* H 

in 5 

124 

0 7496 

Ev#f hao othar ctw*i :o ****** H 

0 3 

1 2 

0 2041 

> i Of tt>4 ftbov* cna*i •*«#****. H 

24 8 

209 

0 7054 

Ch**t tUn***#* pw **ck morh*r, m»m n 

1 49 

1 29 

0 137* 
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TABLE 4 


PREVALENCE Of RESPIRATORY ILLNESSES AMONG CHILDREN 
AS REPORTED BY THEIR MOTHERS 


RMpirMory SymplOftVDtMAM 


Ptavaianc* (H) 


Hong Kong 
(n * 3W) 

Japan 
(ft * 243) 

Sooara 
p Vaiua 

Cough >3 months . 

70 

04 

00001 

PMtgm > 3 month*. H 

92 

04 

0.0000 

Cough and phiagm. W 

3.5 

0 

- 

Cough o« phHgm. H 

129 

08 

0:0000 

Cough or pMtgm. yr/paraon 

47 

35 

0:742* 

Whatang > 3 month*. H 

7J0 

1.7 

0 0013 

Whaaxmg. yr/paraon 

41 

ei 

01 B0* 

E*Of hod a*acg< rhmhw. W 

• 2 

ii.i 

0.4054 

Evor had pnaumoma. H 

• 0 

0 


Evar hod asthma. W 

13 

10:7 

0 3304 

a 1 of tho abovo eh«tt imdudft H 

252 

10 7 

0.066 

Chast «nasaas por sc* chad. maann 

liB6 

iai 

o.ooor 


* p vatu# byliMt 


different for the 2 groups, with 48% of 
the Hong Kong children and 46% of the 
Japanese children being girls (/ test, p 
value * 0:59). 

The prevalence rates among mothers 
reporting a previous history of respira¬ 
tory illnesses is shown in table 3. Among 
Chinese mothers, ,5.7% (n *= 18) reported 
a previous history of chronic cough, and 
8.0% (n = 25), a history of chronic 
phlegm expectoration lasting 3 or more 
months. This contrasted with only 1 Jap¬ 
anese mother (0.4%) who reported hav¬ 
ing both such symptoms. For the other 
respiratory diseases, the prevalence rates 
between the 2 groups did not reach 
statistical significance (p < 0.05). In 
general, there was a tendency for more 
Hong Kong mothers to report a previ¬ 
ous history of chest problems (2418 versus 
20.9%); among those who had such dis¬ 
eases, Hong Kong mothers had more ill¬ 
nesses per person (1.49 versus 1.29) than 
did Japanese mothers. There was no rela¬ 
tionship between the prevalence rates 
of respiratory illnesses and age of the 
mother in either population (chi-square, 
p value * 0.236 for Hong Kong mothers 
and 0.274 for Japanese mothers). 

The prevalence of respiratory illnesses 
among children was similar to that of their 
mothers (table 4). One (0.4%) Japanese 
child was reported by the mother to be 
suffering from chronic cough, and an¬ 
other (0.4%) was reported to have chronic 
phlegm; whereas among the Hong Kong 
children these percentages were 7.0% (n 
* 22) and 9.2% (n = 29), respectively. 
When the 2 symptoms were combined, 
12.8% (n = 40) of the Hong Kong chil¬ 
dren had one or both symptoms, whereas 
this was true for only 0.8% (in = 2) of 


the Japanese children. All of these differ¬ 
ences were statistically significant. 

Among the other respiratory illnesses 
for the children, those in Hong Kong had 
statistically higher frequencies of wheer- 
ing (7,6 versus 1.7%) and pneumonia (8.0 
versus 0%) than did their Japanese count 
terparts. The reported rates for alkrgic 
rhinitis and asthma were not statistically 
different for the 2 groups. 

In the summary measurements, 25.2% 
of the Hong Kong children had one or 
more of the surveyed respiratory illnesses 
versus 18.7% among the Japanese chil¬ 
dren (p = 0.066). Moreover, among those 
with such illnesses, the former group had 
a significantly larger mean number of 
problems per child (1.96) than did the lat¬ 
ter (!i31). 

The distribution of multiple illnesses 
within a single individual in the 2 areas 
is shown in table 5. Hong Kong mothers 


TABLE 6 

RELATIONSHIP BETWEEN THE FREQUENCY 
OF RESPIRATORY ILLNESSES BETWEEN 
MOTHER CHILD IN HONG KONG 
AND IN JAPAN* 


Mft***** p*r MOth#r 

NtotMfrt (/») 

par ChOd - 

(ft) 0 n Total 

Hong Kong 
0 

1* 

Total 

Ratal*** n*k - 

Japan 
0 

1 ♦ 

Total 

Aalahva fiOk - 2:00* 


* Tl* pr***nc*of aifciownj f##p*a#ory an*#*** vwvW' 
•d 10 oo*V*u caupna Smonth* pM*gm > 3mon««« «tt**t- 
* 9 . pfwumen*. aatftma. t*#rgc if*** bwcN* Ti, md 
ta* ch**t dm**** 

t Paaraan• eontaun c aa fto am. 0 40j a v*n* • 0 ow 

* PMr*Oft »can*t«an ca*flc*N 0 17 . p v*fc* • 0 005 


and children consistently had higher per¬ 
centages of such individual* than did the 
Japanese. This discrepancy was most ap¬ 
parent among the children* with 24 Hong 
Kong children (7.7%) having 3 or more 
respiratory illnesses versus only 1 Japa¬ 
nese child (0.4 %) with such a history, and 
a comparison of their mean number of 
illnesses per child was highly significant 

(p * 0.0001). 

The frequency of illnesses in the 
mothers was related to that reported for 
their children as shown in table 6. In both 
populations, mothers who reported one 
or more respiratory illnesses for them* 
selves were about twice as likely to re¬ 
port such illnesses in their children. Pear¬ 
son’s goodness of fit test showed this rela¬ 
tionship to be highly significant. 


table 5 


FREQUENCY OF MULTIPLE RESPIRATORY ILLNESSES AMONG MOTHERS AND 
CHILDREN IN HONG KONG AND JAPAN 


Mntim 

par Mothar* 
(ft) 

Hong Kong 
Mothar* 

Japanaw 

Mothar* 

Wn*ta*t 

par Chikjt 

Hong Kong 
Chrfdran 

japan*** 

Chtldr*n 

(ft) 

(*> 

(ft) 

m 

m 

<h) 

<W) 

fft) 

m 

0 

235 

751 

165 

79 4 

0 

234 

74 0 

I90i 

61 5 

1 

54 

173i 

39 

16 7 

i 

45 

14 4 

30 1 

129 

2 

14 

45 

4 

1.7 

2 

10 

32 

12 

52 

3 

7 

2 2 

5 

21 

3 

11 

35 

1 

0 4 

4 4- 

3 

09 

- 

- 

44 

13 

42 

- 

- 

Totti 

M**n 

313 

037 

100 

233 

027 

Wl> 


313 

069 

100 1* 

233 

024 

100 
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106 

40 

234 

49 

30 

79 

235 

70 

313 


157 

33 

190 

20 

15 

43 

105 

40! 

233 
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TABLE 7 

RELATIONSHIP Of OCCUPATIONAL oust or gas/fume EXPOSURE with 
RESPIRATORY ILLNESSES AMONG HONG KONG MOTHERS* 


Mothers with > 1 Rasp*atory 
Wambm' ti 


Exposure 

llWCK* 

Total Nymoer 
o* Mother* 

<*) 

m 

Relative R*s* 

Dull 

No exposure 

246 

55 

224 

1 00 

Miio 

39 

12 

30 ft 

1 3ft 

Moderate 

25 

9 

360 

1 6V 

Severs 

4: 

2 

50 0 

223 

Tour exposed 

66 

23 

334 

1 51 

Gas 

No exposure 

27ft 

63 

22 T 

1.00 

M40 

23 

9 

39 1 

1 72 

Moderate 

TV 

5 

455 

200 

Severe 

2 

1 

500 

2 20 

Tout exposed 

36 

15 

41 7 

164 


H*w«Mi«nep»«Mi< 0 05 %AteO«i correlation c o o*i t wot tyACRM a vttUt i pHIRCI And 
lOM^c* of mnin Oust • 0 017. pM * 01007 Euet MmOer •* O H —<i duet • 0X7. fH • 
ooooo 

1 TMipro — mo oHMioMmnQ tetp*x*ory * om» yor eft e dW cotdffiu cough >1 monmi owgm 
> 3 months pnsumeoa aaerfitc mm** prone*** —mma H X cw c*—t oossss * 


TABLE ft 


COMPARATIVE PROFILES Of HONG KONG AND JAPANESE 
MOTHERS AND CHILDREN 


Litestyte Varied* 

Hong Kong 

(n) (mean) 

m 

Japan 

(mean) 

Chi-Square 
p Value 

Mother Currently wonts 
outside me home 

106 

33 94S 

6ft 

29 0% 

0136 

Father currently smokes 

110 

35 6% 

146 

601% 

0 0000 

Home has ventilated 
eoofcmg* 

251 

79 9% 

192 

79,2% 

0799 

Mean household wr 

314 

5 31 

243 

4&4 

0000* 


* Cooing Ms Ms stsctnc vsmssimg ten or coo*mg Mod 
T p vSJwS Oy f issi 


To understand the role of occupational 55%. Gas fumes seemed to exert a larger 
exposures, the Hong Kong mothers were effect than did dust, as the attributable 
asked in the questionnaire whether they risk was 45.6% for the former versus 
had ever worked' for a year or more in 33.8% for the latter, 
places where they were exposed to notice¬ 
able levels of dust/smoke or gases/ 


Although the same questions were not 
asked in the Japanese survey, data on 
Japanese mothers currently employed in 
dusty industries such as mining showed 
no relationship with their prevalence of 
respiratory illnesses. In addition, when 
comparing the lifestyle profiles of the 2 
populations (table 8), it can be seen that 
mothers in Japan were less likely to work 
outsick the home, so that their likelihood 
of being exposed to such occupational 
exposures would be less than that of the 
Hong Kong mothers. 

In terms of possible sources of indbor 
air pollutants in the home, the data did 
not help explain the discrepancy in prev¬ 
alence rates in the 2 populations. Some 
60% of the Japanese fathers were cur¬ 
rent smokers versus only 36% of the 
Hong Kong fathers. Although cooking 
styles are greatly different between the 
2 populations, with Chinese cooking 
methods more likely to produce cooking 
fumes because of the stir-fry method, the 
percentages of kitchens with mechanical 
ventilation fans/hoodi was the same in 
both populations, ije., 79 to 80%. 

it was interesting to note that the mean 
household size was statistically different 
(p * 0.000), with Hong Kong families 
averaging 531 persons versus 4:54 persons 
in Japan. The effects of family,sizc on 
the frequency of respiratory illnesses are 
shown in table 9. There was a tendency 
for Hong Kong mothers living in larger 
households!© report more respiratory ill¬ 
ness than those living in smaller ones. 
However* such was not the case for the 
Japanese mothers. Moreover, among the 
Hong Kong mothers, no relationship was 
found between household density, ie., the 
total number of people in the family 


fumes, the degree of such exposure, where 


table ft 


such exposure occurred, and what they 
did. Analyses of all the variables showed 
that the frequency of respiratory illhesses 
among Hong Kong mothers was highly 
related to their reports of previous ex¬ 
posure to dust or gas fumes (table 7) in 
the workplace. 

Overall, some 21.7% (n ■ 68.) of the 
total sample of Hong Kong mothers 
reported a previous history of occupa¬ 
tional exposure to dusu and 11.5% (n * 
36) to gas/fumes. The percentages of ex¬ 
posed mothers with one or more respira¬ 
tory illnesses increased proportionately 
with the degree of reported severity of 


RELATIONSHIP OF FAMILY SIZE TO RESPIRATORY ILLNESSES 
AMONG HONG KONG AND JAPANESE MOTHERS* 


Household 

Sue 

Total Numder 
of Mothers 

W 

Mothers with > 1 Respiratory. 

wneeses* 

(%) ReUirveRisx 

Hong Kong 

Small. 4 4 

100 

22 

220 

1 00 

Medium 5 to 6 

155 

37 

239 

109 

Large. 7* 

59 

19 

322 

1 46 

Totei 

314 

76 

24 8 


Japan 

SmaH. < 3 

26 

5 

179 

1 00 

Medium. 4 to 5 

175 

40 

229 

1 26 

Large 6*. 

40 

9 

22 5 

1.26 

Tout 

243 

54 

222 



exposure to such air. pollutants in a dtose- 
response manner. Among those exposed 
to severe levels of either pollutant, the 
attributable risk was calculated to be 


* Pttr>on» WKteteK* eoofKwnt m p »vu«« Nwm mo ihh* of *ne**oi * 
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TABLE 10 


RELATIONSHIP OE HOUSEHOLD DENSITY WITH RESPIRATORY 
ILLNESSES AMONG HONG KONG MOTHERS* 


P#OpN i pa* Rootn 

<") 

Total Numoar 

0* Mofftara 

MCtftara with > 1 Roapwatory 
t 

<*> 

W Ratatrv* R»t* 

LOW < 249 

•1 

20 

24 7 

1 00 

Modtum 25 to 3 5 

105 

23 

21 9 

0 99 

Htgf>. >35 

129 

35 

27 4 

1 11 

Total 

314 

T* 

24 91 
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divided by the number of rooms they oc¬ 
cupied! and the frequency of respiratory 
illnesses (table 10), The Japanese data did 
not contain information on household 
density for comparative analysis. 


Oiacuaalon 

The findings of this preliminary epidemi¬ 
ologic study on the prevalence of respira¬ 
tory illnesses among never-smoked 
mothers and children in Hong Kong and 
Tokyo suggest that such illnesses are much 
more common in Hong Kong. Hong 
Kong subjects were 10 or more times more 
likely than their Japanese counterparts to 
report symptoms of chronic cough and' 
phlegm expectoration exceeding 3 months 
duration. 

The differences in reported frequencies 
of respiratory illnesses were greatest in the 
comparison of school i children. Hong 
Kong children were 4.5 times more likely 
to have had a previous history of wheez¬ 
ing. and 8 times more likely to have had 
pneumonia than were Japanese children. 
Overall, 25.2* of the Hong Kong chil¬ 
dren versus 18.7* of the Japanese chil¬ 
dren had one or more of the surveys chest 
illnesses, and their mean numbers *. :hest 
illnesses per sick child were 1.96 ar I Jl, 
respectively. All of these differenct were 
statistically significant, with the cc oar- 
ison of those with chest illnesses t bor¬ 
derline significance (p » 0.066). 

We feel that the interpretation o: hese 
findings must be viewed in light the 
degree of medical knowledge of : 2 
populations. For a mother to repc tat 
she or her child had suffered iron uch 
diseases as bronchitis, pneumonia thr 
ma, tuberculosis, or allergic rhinit she 
would have had i to have been toic by a 
doctor of such a diagnosis/description 
of the problem. Because doctor-patient 
communication is poor in Hong Kong* 
and patients are frequently not told the 
diagnosis nor the names of the drugs that 
are prescribed, the knowledge/usage of 


such medical terms among the popular 
tion would be infrequent. This would be 
especially true among the working-class 
mothers whose average educational at¬ 
tainment is primary school only (11). 
Thus, these illnesses, which we have li¬ 
beled as “respiratory diseases,” would 
tend to be underreported in the Hong 
Kong population. On the other hand, 
such common descriptive terms as cough, 
phlegm expectoration, and wheezing are 
well understood by all, and thus the sur¬ 
vey was able to reflect a more accurate 
recording of the prevalence of these 
symptoms. 

Evidence for the fact that the greater 
unfamiliarity with medical terms among 
the Hong Kong mothers seemed to in¬ 
fluence their reported frequencies is 
reflected in the unrealistically low report¬ 
ing rate of tuberculosis. Only 1.6* of 
the Hong Kong versus 2.1* of the Japa* 
nese mothers reported having such a his¬ 
tory. Yet it is known that the real rate 
should be much higher in Hong Kong 
since tuberculosis is still a common in¬ 
fectious disease in that community* with 
137.4 new cases/100,000 population 
reported and a mortality rate of 
8.4/100,000 (12) registered in 1983, The 
comparable incidence and mortality rates 
for Japan in 1985 were 4814/100,000 and 
3.9/100,000. 

The Hong Kong subjects also reported 
more respiratory illnesses per person than 
did the Japanese subjects. These differ¬ 
ences were especially notable among the 
children where the group mean values 
showed the Hong Kong children to be 
more than 2.9 times higher than those 
of the Japanese children (f test, p value 
« 0.001). No differences were observed 
in the frequencies of these illnesses by 
sex of the childl 

Although the Hong Kong children 
were on average 8.5 months older than 
the Japanese children, we did not feel that 
this slight age difference could account 
for the Urge differences observed in the 


Ht»ng Kong children’s higher reported 
frequencies of respiratory illnesses In ad! 
dition. the children in both populations 
have been immunized with the generally 
recommended schedule of diphtheria, 
pertussis, polio. BCG, etc. vaccines, so 
these differences were not due to immu¬ 
nization rates. 

For both populations, however, there 
was a highly significant correlation be¬ 
tween the frequency of respiratory ill¬ 
nesses of each mother and her child. 
Mothers who reported one or more ill¬ 
nesses for themselves were about twice 
as likely to report a similar number for 
their children. 

For the Hong Kong mothers, a signifi¬ 
cant relationship was detected with in¬ 
creasing exposure to dust/smoke or 
gas/fumes in the workplace. The occur¬ 
rence of respiratory illnesses seemed to 
be related to occupational exposures to 
such pollutants in 34* of those ever ex¬ 
posed to dust/smoke, and 46* of those 
ever exposed to gas/f times. For the Hong 
Kong population as a whole, the at¬ 
tributable risk percentage was 10.0* for 
the former and 8.8 * for the latter. How¬ 
ever, analysis of the data by whether the 
mother was currently employed or not 
did not show any significant differences 
in the reported frequencies of respiratory 
illnesses for herself or her child. 

The consistent tendency for Hong 
Kong subjects to have higher prevalence 
rates of respiratory illnesses than their 
Japanese counterparts is difficult to ex¬ 
plain. Although, as shown above, some 
relationship was found with previous oc¬ 
cupational exposure to diist or fumes in 
the workplace, the percentages of 
mothers currently working was not 
statistically different in the 2 groups. 

The role of indoor air pollution in the 
home from passive smoking or heat¬ 
ing/cooking activities has been inves¬ 
tigated. Japanese fathers were about 
twice as likely to be smokers than were 
Hong Kong fathers. Moreover* in another 
report on the Hong Kong mothers (13), 
no association was found between the 
prevalence of chronic cough or sputum 
and the smoking patterns of their hus¬ 
bands The etiologic role of cooking ac¬ 
tivities is also dbubtfui, as the propor¬ 
tion of kitchens with mechanical venti¬ 
lation such as fans or cooking hoods was 
not different in Toyko and Hong Kong, 
Previous case-control studies on the role 
of cooking fuels in lung cancer risk 
among females in Hong Kong (14) and 
Japan (15) did not find an association 
between fuel type kerosene, liquid 
petroleum gas, charcoal, and wood/ 
grass) and lting cancer rusk. 


Source: https://www.industrydocuments.ucsf.edu/docs/tgnx0000 
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Among the variables compared, Hong 
Kong families t ended to be significantly 
larger, averaging 5.31 persons versus 4.54 
for Japanese household^. Among Hong 
Kong mothers, some association was 
found between larger household size and 
the frequency of respiratory illnesses, but 
such was not the case for household den¬ 
sity. Moreover, larger household size was 
not associated with more respiratory ill¬ 
nesses among the Japanese mothers. Al¬ 
though both household size and density 
are related with socioeconomic status, the 
lack of an association with household 
density in Hong Kong would seem to in¬ 
dicate that these variables were not sim¬ 
ply surrogate measures of household in* 
come This is because, with the extremely 
expensive rental situation in Hong Kong, 
higher density living is directly associated 
with less income, whereas household size 
may reflea the persistence of an extended 
family system and, traditionally, accord¬ 
ing to the Confucian ethos, 3-generation 
families are desirable. 

Several possibilities may help explain 
the patterns of respiratory illhesses in 
both populations. Recall bias may play 
a role as there was an increasing tendency 
for mothers reporting one or more respi¬ 
ratory illhesses for themselves to report 
thesame for their children. This tendency 
was found in both the Japanese and the 
Hong Kong mothers, so it would not ex¬ 
plain their highly different prevalence 
rates of respiratory illnesses. The princi^ 
pie of recall bias may have operated also 
on the finding that occupational ex¬ 
posures were related to respiratory ill¬ 
nesses among the Hong Kong mothers, 
since those with such illhesses may have 
been more likely to recall such past ex¬ 
posures than those without such prob¬ 
lems. However, occupational exposures 
to such pollutants could only account for 
9 to 10^o of the respiratory illnesses in 
the Hong Kong mothers. 

The role of cross infection, ix., mother 
to child or other household members to 
mother or child, seems suggested by: (/) 
the direct association between household 
size and frequency of respiratory illnesses 
in the Hong Kong mothers. (2) the corre¬ 
lation between multipit respiratory ill^ 
nesses within each mother-child pair in 
both populations, and (3) that Hong 
Kong families were significantly larger 
than Japanese families. However, no such 
association was found with household 
density, which would seem a more direct 
measurement of the potential for cross 
infection since the chances of spreading 
infectious respiratory diseases should be 
correlated with higher household densi¬ 
ties. It appears that other not yet identi¬ 


fied environmental factors are needed to 
explain these results. 

The findings of this study, showing 
mothers and especially children in Hong 
Kong to have larger numbers of sick sub¬ 
jects and to have more illnesses per sub¬ 
ject than their Japanese counterparts, are 
consistent with the findings of other sur¬ 
veys in both areas. Questions added to 
an international survey in 19S6on pas¬ 
sive smoking and urinary cotiniiie levels 
sponsored by the International Agency 
for Research on Cancer indicated that 
women in Hong Kong were about 10 
times more likely to report symptoms of 
chronic cough or phlegm than were 
women in Sendai, Japan. A population 
survey of respiratory illnesses in Japan 
in 1983 (T.M or impersonal communica¬ 
tion) indicated that the reported age- 
adjusted rates of such illness for non¬ 
smoking women in Japan were similar 
to those reported among the Japanese 
mothers in this survey. Thus, we feel that 
the reported differences in the frequen¬ 
cies of respiratory illnesses in Hong Kong 
and Japan are not artifactuaL 

These results agree with the contrast¬ 
ing female lung cancer incidence rates in 
the 2 areas. The epidemiologic data 
showed that chronic bronchitis was as¬ 
sociated with increased risk for lung can¬ 
cer in females (1). Moreover* the mul¬ 
tistage model of carcinogenesis makes 
this association biologically plausible 
since these symptoms result from and re¬ 
sult in a chronic irritation effect on the 
respiratory tract, making it more suscep¬ 
tible to the action of carcinogenic initia¬ 
tors or promoters. Previous occupational 
exposure to dtist or fumes was associated 
with respiratory illnesses in the Hong 
Kong mother, and frequencies of such 
illnesses in the mother were directly 
related to those in her child. Although 
this could account for a portion of the 
respiratory illnesses, more investigation 
is needed to find other etioiogic agents 
in the Hong Kong environment to ac¬ 
count for the higher frequency of respi¬ 
ratory health problems. A recent time- 
trend analysis by Barker and Osmond 
(16) in England and Wales showing that 
respiratory diseases in childhood led to 
higher mortality rates from chronic bron¬ 
chitis and emphysema later in adult life, 
ominously suggests that the high rates 
of childhood respiratory illnesses found 
in the Hong Kong population today por¬ 
tends to excess mortality from respira¬ 
tory diseases in the future when these 
children reach 40+ yr of age. 
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ABSTRACT: Factors contributing to differences in the 
prevalences of respiratory symptoms and diseases among ethnic 
groups were studied in primary schoolchildren living in 20 
innercity areas of England in 1983. The raised prevalences of 
respiratory symptoms in these groups were compared with results 
from a national representative sample of children studied in 1982. 
Data< on age, sex, respiratory illness, and social and environmental 
variables were obtained by questionnaire for 4815 children living 
in innercities. The children were classified as white, 
Afro-Caribbean, Urdu, Gujarati, Punjabi, other Asian, or "other." 
Significant differences in the prevalence of respiratory conditions 
were found among the ethnic groups after allowance was made for 
the effects of interfering variables. Except for asthma all 
conditions were most prevalent in Afro-Caribbeans and whites. In 
these two ethnic groups respiratory illness was significantly 
associated with belonging to a one parent family and the combined 
use of gas cookers and paraffin heaters at home. 

Respiratory illness was found to vary in prevalence among 
ethnic groups but may be perceived differently by different groups. 
Further studies, measuring lung function, are necessary. 
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Thus any benefit of anticoagulants is likely to be modest, and a large 
randbnused trial would be required to detect it reliably. Of course, 
any modest benefit would be offset by the complexity, side effects, 
and cost of the treatment; in any case,,a rather small population of 
patients with stroke axe e bp bit for such treatment ° On the other 
hand; our negative results, based os a non-randomised comparison 
and with fairly wide confidence inttnali. arc uniikely to con since 
doctors who arc already using: long term anticoagulant treatment 
despite the lack of good dan to support thm opinion To Tesolvc 
this dilemma we are planning a three year randomised trial of 1200 
patients to compare treatment with anticoagulants, aspirin, and 
placebo. 

The Oxfordshire community stroke protect is funded by the Briush 
Medical Research Council and the Chest. Heart, and Stroke Auocuuon. 
The Dutch Heart Foundation supported JL during » visit to Oxford for 
three months 
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Respiratory illness and home environment of ethnic groups 


RJ'W MELIA, S CHINN, RJ RONA 


Abstract 

Factors contributing to differences in the prevalences of 
respiratory symptoms and diseases among ethnic groups 
were studied in primary schookhildrcn living in 20 inner city 
areas of England in 1983. The raised prevalences of respiratory 
symptoms in these groups were compared with results from a 
national representative sample of children studied in 1982. Data 
on age, sex, respiratory illness, and social and environmental 
variables were obtained by questionnaire for 4S15 children 
living in inner cities. The children were cUnified as white, 
Afro*Caribbean, Urdu, Gujarati, Punjabi, other Asian, or 
“other.'’' Significant differences in the prevalence of respiratory 
conditions were found among the ethnic groups after allowance 
wat made for the effects of interfering variables. Except for 
t asthma) all conditions were most prevalent in Afro-Caribbeans 
and whites. In these two ethnic groups respiratory illness was 
significantly associated with belonging to • one parent family and 
the combined use of gas cookers and paraffin heaters at home. 

Respiratory illness was found' to vary in prevalence among 
ethnic groups but may be perceived differently by different 
groups. Further,studies, measuring lung function, are necessary. 
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Introduction 

The health of ethnic minority' groups in the United Kingdom has 
been the subicct of considerable discussion and concern dunng the 
past two decades. Inherited disorders such as sickle cell anaemia and 
illnesses such as rickets have been highlighted."’Respiratory health 
has not been studied thoroughly, though a higher prevalence of 
respiratory illness has been reported is Uesi Indians* * and 
respiratory illness in infants was reported to be more common 
among Bengalis than the indigenous population of an inner city 
area ‘ The cause of these differences has not been studied in detail, 
although poor social circumstances are probably a factor in some 
ethnic groups. As respiratory disease in childhood has been linked 
with susceptibibty to respiratory disease in liter life* it is important 
to investigate the causes of variation in respiratory health between 
children of different ethnic groups to identify preventive measures. 

This study of primary schoolchildren investigated the prevalence 
of respiratory illness in ethnic groups in inner city areas and factors 
that contribute to differences in prevalence among the ethnic groups 
and between the groups from inner ciucs and a national sample of 
children. 


Subjects and methods 

lbiJ9S3 daja on rcspimory symptoms and diseises were collecicd in the 
national study of health and growth. • turvtdUncr studv of priman 
achookhildren that included while. Airo-Cartbbein 4 lodian, and Fakisiam 
children from innet c»Ty areas/ mosi of whom had spent imosi of then lives in 
Bmam Twcnu wards in England with a high percentage of children of 
Airo-Canbbean andllndo-Pakjstanj ethnic ongm and children living m inner 
city, areas with a high level of overcrowding, unemplo>*ment, or Uck of 
exclusive use of amtiuues had been sclriled. and about 3M) children 
aged ^-11 from one or two schools close to the geographical centre of each 
ward hadibeen studied In 1983 the study investigated ethnic mmorrues for 
the first unt Several factors were itudied in connection with rcspmiorv 
disease boi smoking was ttoi one of them. To assess further the sl2c of the 
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ocih iuptf ffP » T»ympiotn wcrr potugrufiooi Significam difftrroct* in the 
prtv&lcnct of all condition* u-ert found tmon* tbt ethnic group* (p<0 05 
afin allowance was made for the effect* of the independent variables These 
results were similar to those for the unadjusted prevalence* and are 
illustrated in table III ad lusted to boys ag ed 8 with a mother with secondary 
school education and with iodc sibling 
The second set of rcfmsron analyses, conducted in 2022 whites and 
530 Afro-Caribbeans. studied additionally the effects of belonging to a one 
parent funily and (of living in a home in which gas cookers, or paradhn beaters 
were used Table ■ IV gives the relative risk of respiratory coodiuons 
associated with mother's education, number of children in the family, 
beJongmg to • one parent fanuly , and uk of ga* ooofcen and paraffin beaten 
Results for asthma and bronchitis showed do significant relation to any of 
these factors and arc not shown. High ruJu of *U the conditrom shown in 
ubk IV were associated with one parent families compared with two parent 
families fp<0 05) The risk of respiratory illness increased when two or 
more sources of nitrogen dioxide (a ps cooker and paraffin beaters) were 
present in the home The association between gas cookers alone and 
respiratory illness approached significance for cough in the morning and 
wheeze (p<0 I): The association be t we en respiratory illness and the 
combined use of a gas cooker and paraffin heaters was significant foe colds 
going to the chest and the presence of one or more respiratory conditions 
(jk0 05) For a subset of 2164 whites and Afro-Caribbeans regression 
mialyirs of;each respiratory cob&uoci «w» conducted to include fathers 
social cbrssaad uptake of free school meafs The effect* on respiratory illness 
of one parent families aod the embused use of i gas oookm and paraffin 
heaters remained significant for colds going ro che chest (jX0 05j and 
borderline for the overall measure (p«0*052) 

To assess further the problem of respiratory illness m inner cities the 
prevalence ofircspiraton conditions in the 198 3 sample of white children was 
compared with the prevalence in the 1982 national representative sample 
after allowance had been made for the effects of interfering variables The 
prevalence* of cough in the morning, cough during the day or night, 
wheezing, and bronchitis were significant!) higher in 1983 than 1982 
(p<0 05- 


Discussion 

In our study Afro-Caribbeans and white people living in inner 
cities had higher prevalences of several conditions compared with 
Asians. In a national cohort of children the prevalence of wheezing 
was significantly higher in children with Vest Indian and British 
parents than those with Asian parents (p<001), but the prevalence 
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of asthma and bronchitis did not differ among ethnic groups 0 West 
Indian* and Bengali 4 infants have been reported to attend accident 
and emergency departments because of respiratory disease more 
commonly than white children, but this may partly reflect a 
different partem of use of health services by ethnic groups Smith 
found asthma and wheezing in 5-6 year olds to be more prevalent in 
West Indians bom in England than in Asians bom in England or 
•broad.* It is unclear, however, which groups of Auans were being 
studied, lb our study the preval en ce of asthma differed among 
groups of Asians. 

The differing results of studies may be explained partly by 
differences in methodology and partly by biases in the results 
Three main biases should be considered Firstly, certain ethnic 
groups such as Punjabis are not homogeneous, and subgroups 
would be expected to differ in health The distribution of these 
subgroups varies in England, and a study in one area is Likely to 
contain only one subgroup. Each ethnic group in our study lived in 
several areas of England, so our results cover a range of children 
within each group. Secondly, respiratory illness may well be 
perceived differently by each ethnic group, and these differences 
may not have been dealt with simply by translating the question¬ 
naire. Although studies of the incidence and prevalence of 
respiratory disease indicate the burden of respiratory- disease 
experienced by some groups, objective measures of respiratory ill 
health, such as lung function, would contribute further to the 
study of respiratory illness in ethnic groups. Thirdly, in this 
study response rates varied among ethnic groups even though 
non-responders were followed up by health visitors and the 
questionnaire was available in three languages Inclusion of 
ixm-respooders known to have respiratory illness, however, made 
no difference to our results. The relation of respiratory illness to 
factors such as age was similar to previous findings, which gives 
some credence to our results. 

A raised prevalence of respiratory* illness might be expected in 
large families! 1 and when the mother's educational level is low, this 
being associated with poor social class, 1 * but such was not the case in 
this study. Single children had significantly more colds going to the 
chest and more wheezing (p<0*05 ) than children with three or more 
siblings A mother with only one child to care for may be more aware 
of that child developing respiratory illness than mothers with larger 
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fanubrs to look after . A km educational level of the mother was 
associated only with a high presence of cough (p<0 05It may be 
inapp»»f«aie tocompareeducational background of ethme groups, 
particularly those educated abroad, as educational categories may 
not be directly comparable 

Two other factors previously associated with respiratory illness in 
children—namely,, belonging to a one parent family’’ and exposure 
to indoor air pollution from gas cookers and paraffin heaters “' — 
cou Id Ibc st u died on I y m Af r o-Car i b beans and! whi tes. Belonging to a 
one parent family is likely to measure poor social circumstances , but 
a single parent may be more aware of a child developing respiratory 
illness The association of respiratory illness with the combined use 
of gas cookers and paraffin heaters might reflect poor social 
circumstances as well as high concentrations of nitrogen dioxide 
indoors, which may sometimes exceed the European Community’s 
directive for outdoor concentrations of nitrogen dioxide lN f*remal 
smoking habit was not analysed, though smoking has been reported 
to be more common among AfrcnCaribbeans tad whites than 
Afctani." 

This survey highlights the problem of respiratory disease in 
children living in inner cities Such disease was significantly more 
prevalent jn whites compared with all groups in the national sample 
and varied considerably among ethnic groups. Strong evidence 
suggests that childhood respiratory* illness leads to poor respiratory 
health in adulthood.* We intend to study the variation in respiratory* 
illness among ethnic groups further. 

We thank Professor W W Holland for his encouragement and the doctors, 
nurses, teachers, clerks, and fieidworkers in the national study of health and 
growth fhr their help This study was supported by grants from the 
Department of Health and Social Secunrv and the Scotush Home and 
Health Department. 
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SHORT REPORTS 


Is surgical closure of the back lesion in 
open neural tube defects necessary? 

Early closure of the lesion is believed to be central to the management of 
open neural tube defects 1 Non<losure of the defect, however, does not 
necessarily increase morbidity to morulirv * * Since 1978 open neural tube 
defects inipauenis with a poor prognosis have not been closed at our unit, but 
the patients have received full medical and nursing care, including 
anubioucs and shunts for hydrocephalus when necessary. We compared 
these patients wuh an earlier group who had received early closure as an 
urgem treatment. 


Paltceu, methods, and results 

We reviewedpauents with open neural tube defects above L2 or hydrocephalus 
■i b»nh, or both Altogether 109 had been bom berween 19W and 1971 and 105 
bom between 1971 land 198? Treatment policies differed only in that children 
bom berween 1964 and 1971 had received early closure of the defect whereas for 
chiidTm bom between 1978 and 1985 closure had not been performed or had been 
deferred unul they, were at: least 3 months old Data were analysed with the 
statistical package for the social sciences life tables and the Lec Desu stausuc 
PRuenis who died before they developed a complication were included as 
“censored" data Mortality and the incidence of hydrocephaJus, insertion of a 
shunt, vemneubus, .and ventneubm before insertion of a shunt were compared 
by relating the difference at any time to the standard error of the difference 
expressed ibs a standardised normal I stausuc 

No sigmhoani i difference us the set ratio, number of children bom with 
hydrocephalus, or number of children with a neurological level above L2 was 
found between the two groups The table shows that i non -closure resulted in <a 
significantly lower incidence (p<G 001 \ of hydrocephalus, insertion of s shunt, 
ventneubus, and ventneubm before imeruon of a shunt during the first few 
months of life but did hot affect mortality throughout the first year After the first 
year there was no significant difference in any of the compbcauons between the 
groups 

HydroccphaJin correlated wuh ventneubus (p<0 OOlij during the first year, 
among those whose wound *n not closed 37 of the 7 2 p*uents with hydro 
cephaJus developed ventneubus compared with six of the 37 without hydro- 


Cumuianvt nmtai and proportions SE of Babut uixA open nnral tuBt dtftca 
tisi how tkr compilation, j i pttifudat ont, thrtt. in, and 12 months 




Mon ihs from birth 



1 

3 

6 

12 

Survival 

Lark clown 
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Non -closure 

0*0(0 06 
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^Significance of difference between groups p< 0 001 


cephaJus, and similar results were lotted for the babies who received early 
closure 


Comment 

We are aware of the caution necessary in analysing historical data 
Nevertheless, the finding that mortality* did not increase when the neural 
tube lesion was not closed implies, contrary to previous belief, that early 
closure as an urgent procedure is not essential for an optimal prognosis: 
Similarly, the incidence of ventneubus and, more importantly, of 
vemnculius before shunting was redbced during the first three months by 
non-chbsurr of the defect, suggesting that early closure may not be necessary 
lo reduce the nsk of ascending infccuoni 

The incidence of both hydrocephalus and insertion of a shunt was 
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Goren,“fttl., Hellmann, S. "Prevalence of Respiratory Symptoms and! 
Diseases in Schoolchildren Living in a Polluted and. in a Low 
Polluted! Area in Israel" Environmental Research 45: 28—37, 1988. 

SUMMARY: Second and fifth grade schoolchildren living in: two 
communities with different levels of air pollution were studied. 
The parents of these children filled out ATS-NHLI health 
questionnaires. The prevalence of reported respiratory symptoms 
and! pulmonary diseases was found to be significantly higher arnongi 
children growing up in the polluted community (Ashdod) as compared 1 
with the low-pollution area (Hadera). Logistic models fitted for 
the respiratory conditions which differed significantly between 
both areas of residence also included background variables that 
could be responsible for these differences. Relative risk values, 
which we calculated from the logistic models, wee in the range of 
1.47 for cough without cold to 2.66 for asthma for children from 
Ashdod, as compared with 1.00 children from Hadera. 
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Prevalence of Respiratory Symptoms and Diseases in 
Schoolchildren Living in a Polluted and in a 
Low Polluted Area in Israel 1 

AY ANA I. GOREN AND SARAH HELLMANN 

Research institute for Emironmentai Health. Ministry of Health and Jet Aviv Vnicersity 
Stickier School of Medicine. Tel A m\ Israel 69978 

Received March IS. 19S7 

Second and fifth trade schootchtklfen living in t»o communities *«h diPferem levels of 
air pollution were studied. The parents of these children filled out ATS-NHU health que*' 
nonnairrs. The prevalence of reported respiratory symptoms and pulmonary disease* was 
found to be significantly higher amort# children growing up m the polluted community 
( Ashdod) as compared with the low^pollution area (Haderai. Logistic models fitted tor the 
respiratory conditions which differed significantly between both areas of residence also 
included background variables that could be responsible for these differences . Retain* n*k 
values, which were calculated from the logistic models, were in the range of 1.47 for cough 
without coW 10 2 66 for asthma for children from Ashdod; a* compared with I .OU tor chit* 
dren from Madera, c m» ***«« hw*. *k. { 

INTRODUCTION 

It is well known that high air pollution concentrations may influence morbidity 
and mortality from respiratory conditions. However, the health impact of long* 
term exposure to low concentrations of air pollutants is not fully known. Many 
surveys have been carried out during the last decades in an effort to detect pos¬ 
sible health effects resulting from long-term exposure to low concentrations of air 
pollution. In these surveys, which were mainly carried out among adults, it was 
demonstrated that factors such as smoking and occupational exposure are corre¬ 
lated with the incidence and prevalence of respiratory conditions (Colley and 
Holland. 1967: Colley et at.. 1973: Goldsmith and Friberg. 1977: Holland et at.. 
1969a: Irvine et at.. 1980). Since the effects of air pollution on the respirators 
tract are relatively low as compared with those of smoking, controlling for such 
factors in the analysis is crucial. 

Many surveys have recently been conducted among young children who are 
not occupationally exposed and do not smoke (Biersteker and Leeuwen. 1970: 
Colley and Brasser. 1980: Colley and Reid. 1970: Ferris. 1978a: Goren and Gold¬ 
smith. 1986: Holma er a/.. 1979: Irvine et at.. 1980: Lunn et at.. 1967; Melia er ah. 
1981: Mostardi et at.. 1981a: Moslardi et at.. 1981b: Toyama. 1964). 

However, many variables other than smoking and occupational exposure may 
affect the respiratory system in the same direction as air pollution and should 
therefore be taken into account in the analysis. Such variables are socioeconomic 

1 Thi* survey w «* support*! bv a grunt from the Krael Ministry of Health. 
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status (Colley and Reid. 1970: Goren and Goldsmith. 1986: Holland */ at.. 1969a. 
b; Metis et at. 1981: Peal et at. 1980). crowding index (Holma et at. 1979: 

Leeder et at. 1976; Lunn er at.. 1967: Peat et at.. 19801. type of fuel used in 
household (Hasselblad et at. 1981). smoking habits of adults at home (Bland et 
at.. 1978; Cameron ei-at. 1969; Colley. 1974; Fergusson et at.. 1980: Fergusson et 
at. 1981: Goren 1 and Goldsmith. 1986: Hasselblad er at, 1981: Lebowitz and 
Burrows. 1976: Leeder etat. 1976; Schilling et at.. 1977: Tager etal.. 1979; Vedal 
fi at, 1984; Ware eiai. 1984). and respiratory diseases among family members of 
the observed children (Colley. 1974: Goren and Goldsmith, 1966: Higgins and 
Keller. 1975; Leeder er at. 1976: Schilling etat. 1977: Tager er at. 1978). This 
work was carried out in order lo compare the health status of children growing up 
in a polluted area with that of children in a dean one. taking into account all'the 
above-mentioned factors. It was assumed that children growing up in a region 
with elevated sulfur dioxide concentrations suffer from more respiratory 
symptoms and diseases as compared with children growing up in a clean area. 

MATERIALS AND METHODS t 

This survey was carried out among schoolchildren from two communities lo- 
cated along the Israeii coast 80 km from each other, bul differentially exposed to 
air pollution. One group lives in Ashdod (Fig. III. which is an industrialized town, 
mainly polluted by an 1100-MW oil-fired power station, refineries. and a complex 
industrial zone (which includes a herbicide factory and acrylic fiber and lead¬ 
melting plants): The population of this area numbers about 65.000 ( the country of 
origin of their fathers: 3291. Europe-America: 4991. North Africa: 149f. Asia: » 

and 59?. Israel). The second group lives in Hadera. which was an unpolluted area 
in I960 (when this survey was carried out). These baseline health data in Hadera 
were gathered in the framework of a prospective epidemiological monitoring pro¬ 
gram carried out in this area since a new 1400-MW coal-fired power plant was to 
begin operating there in 1982 (Toeplitz et at.. 1984). The population of this area 
numbers about 76.000 persons (the country of origin of their fathers: 39#. 

Europe-America:2891. North Africa: 1991. Asia; and 1491. Israel). 

Study population. Second and fifth grade pupils from 24 schools in Hadera and 
surroundings (a low-pollution area) were studied in 1980. In 1982 second and fifth 
grade pupils fromi 15 schools in Ashdod and surroundings (a polluted areal were 
surveyed. 

Health questionnaire. The health questionnaire (Ferris. 1978b) used in this 
study is a translation into Hebrew of the ATS-NHL1 (American Thoracic So¬ 
ciety and the National Heart and Lung Institute) health questionnaire to be self- 
administered by the children's parents. The questionnaires were distributed in 
both communities between March and June by the school nurse, who also col¬ 
lected them after they had been filled out. From the health questionnaires the 
following information was obtained: respiratory symptoms and diseases of the 
children, socioeconomic status, type of household fuel used, smoking habits of 
the parents, respiratory problems in the families. 

Of the 1984 questionnaires distributed in the Hadera area. 1702 were returned 
—a response rate of 85.89J. In Ashdod. 1826 questionnaires were distributed and 
1672 were filled out—a response rate of 91.691. In both areas, almost all the 
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Fig: I. Site of the two communities Hadere tnonpoUmedi and Ashdod (polluted). 


children of the studied cohorts living in the community for at least 5 years were 
examined. a' 

Air pollution measurements. Air pollution measurements are carried out in the : 
Hadera area by the local municipal authorities and in the Ashdod area by the 
electric company. The monitoring stations in the Hadera area flow pollution) are 
fully automatic and measure SO;. NO. NO ; . NO,, total hydrocarbons. O,. CO. 
TSP. and various atmospheric parameters (Such as temperature and Humidity). 

SOj is measured by means of a flame photometric instrument, and NO, by a 
chemiluminescent apparatus. 

The monitoring stations in the Ashdod area (polluted) are automatic and mea¬ 
sure SOj. NO,, soiling index, and meteorological parameters. SO* is measured by 
means of a conductometric instrument and NO, by a chemiluminescent appa¬ 
ratus. 

Analytic procedure. Statistical analysis of the data was carried out by means of 
the SPSS program (Nie et at.. 1975). Prevalence of respiratory symptoms and 
diseases according to place of residence was analyzed by means of the x : test for 
examination of independence between two variables. The possible efTect of a dif¬ 
ferent distribution of background variables in both areas of residence was exam¬ 
ined by stratification. 

in order to examine the combined effect of all variables in each area, a non- 
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hierarchical logistic model (Dixon ft at.. 1981) was fitted for the frequency of 
each respiratory symptom or disease. Those background variables which were 
included in the logistic regression for each population and the areas of residence 
were included in the logistic model fitted for the respiratory condition in the 
pooled data set of both populations. The equation for the predicted proportion of 
the respiratory condition £({) according to the logistic regression is £({) - 
r"/l + r* in whidt/is the frequency of the respiratory condition, n is the sample 
size, m » a + * (krj * ... P^r„. in which x x . x 2 ... x m are the back¬ 
ground (binary) variables and a. are the coefficients. 

The logistic regression estimates the coefficients of the background variables 
(such as father s country of origin, crowding index, type of household fuel used, 
smoking habits of parents, and respiratory diseases among childrens fathers) in a 
stepwise manner. 

The relative risk (RR) to suffer from a respiratory condition in the polluted 
community as compared with the low-pollution community was calculated from 

the logistic regression as follows: RR ■ e*l where is the coefficient of the area < 

of residence. 

RESULTS 

SO. concentrations—both monthly averages and maximal half-hourly concen¬ 
trations—are much higher in Ashdod than in Hadera. The same holds for NO, 
concentrations in both areas (Table I ). 

The frequency of reported respiratory sy mptoms (Fig. 2) among schoolchildren r 

from Ashdod. the polluted area, is higher than among children growing up in the 

TABLE l 

Monthly Averages and Maximal Half-Hourly Concentrations or Sulfur Dioxides its 
m 1 ! AND NO, UN ppb I IN; ASMDODH POLLUTED AREA) AND IN HaDERA (LOW ’POLLUTED ARE At 

IN I98T 


Hadera Ashdod 


Month 

SOj i»f m'l 

NO, <ppb) 

SO* Iu4 > m , i 

NO, tppbi 

Monthly 

average 

Maximal 

V6hr 

Monthly 

average 

Maximal 
16 hr 

Monthly 

average 

Maximal 
V6 hr 

.Monthly 

average 

Maximal 

V6hr 

January 

7.0 

416 

7:7 

53 

27.7 

276 

323 

528 

Fcbniarv 

7.0 

99 

69 

37 

42 4 

402 

7,7* 

38 

March 

6.5 

m 

84 

76 

22.7 

493 

133 

43 

April 

e.: 

146 

82 

57 

406 

670 

19.8 

\n 

May 

5.2* 

169 

10.2* 

94 

4?:2 

836 

32.3 

176 

June 

3 1 

135 

80 

9? 

18 li 

415 

7.9 

69 

July 

2.6 

68 

7.3 

128 

106 


11.3 

76 

August 

10 

18 

64 


18 1 

133 

lli.6 

97 

September 

4.7 

140 

7.5 

64 

21.1 

417 

193 

63 

October 

J4- 

166 

6 2* 

39 

28.6 

451 

17.6 

74 

November 

2.1* 

203 

69* 

71 

33.0 

295 

14.8- 

78 

December 

18 

62 

7.0 

48 

304 

595 

yyy 

200 


* Data availability less than SOCt. 
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Fig. 2. Prevalence of retpiraiory tymptomi (in *71 among second and fifth grade school children 
from Ashdod • polluted areal and from Hadcra inonpolluted areal. 7 < 0.05: **P < 0.01: "7 < 
0001 


nonpolluted area (Hadera). Cough without cold, sputum without cold, wheezing 
without cold, attacks of cough with sputum, and wheezing accompanied by 
shortness of breath are significantly more common among Ashdod 1 children. It 
should be emphasized that transient respiratory symptoms, namely, cough with 
cold, sputum with cold, and wheezing with cold, are not significantly more 
common among children from the polluted area. 

Figure 3 summarizes the frequency of reported respiratory diseases tin ft) in 
second and fifth grade schoolchildren in Ashdod and Hadera: Chest illnesses that 
kept children from their usual activities, chest illnesses with sputum production, 
number of such illnesses, pneumonia, bronchitis, and asthma are significantly 
more prevalent among children growing up in Ashdod. On the other hand: ill¬ 
nesses such as measles, sinus trouble, ear infections and allergy are pot signifi¬ 
cantly more common among Ashdod children. Analysis of background variables 
which may influence the prevalence of respiratory conditions of the children 
shows that children in Ashdod grow up in more crowded homes, in fewer houses 
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FiC 3. Prevalence of respiratory diseases tin **1 among second and fifth grade tc hoot children from 
♦ Ashdod (polluted artat and from Hadera (nonpolluted ureal j “P < 0.0?: •*P < 0.01; mmm F < OiUOI. 
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with heat, their fathers report more respiratory problems, and their fathers are 
more frequently from oriental countries, as compared with children from Hadera 
(Table 2). The effect of these background variables on the prevalence of respira¬ 
tory problems among Ashdod children was controlled for in further analytic pro¬ 
cedures. 

It could be shown, by stratification, that the different prevalence of respiratory 
symptoms and diseases among children from Ashdod and Hadera remains consis¬ 
tent (although not always statistically significant) within the subgroups of back¬ 
ground variables. For instance, among children whose houses are heated (Table 

3) . the prevalence of respiratory symptoms and diseases is higher in Ashdod chil¬ 
dren thanin Hadera children: the difference is statistically significant for most 
symptoms and diseases. 

The logistic models fitted for the respiratory conditions which differed signifi¬ 
cantly between both areas of residence enabled a calculation of the relative risk to 
suffer from a respiratory condition in Ashdod as compared with Hadera. Most of 
the models fitted included the area of residence as a significant component (Table 

4) . All the models included some background variables, especially respiratory 
conditions of the fathers. 

Most of the models fitted for respiratory conditions demonstrate well the inter¬ 
actions between the respiratory conditions and the background variables. 

The relative risks calculated for respiratory conditions in Ashdod are between 
1.47 for cough without cold and 2.66 for asthma: as compared with 1.00 for Ha¬ 
dera children: 


DISCUSSION 

Our results are in accord with findings in the literature, which indicates a 
higher prevalence of respiratory symptoms and diseases among children growing 
up in polluted as compared with nonpotluied areas. The WHO collaborative 
study on the relationship between air pollution and respiratory diseases in chilr 


TABLE : 

Frequency us Ti of Background Variables among Second and Fifth Grade 
Schoolchildren from ashdod iPolluted areai and Hadera iNonpolluted Areai 


Background variable 

Frequency in 
Hadera (<*> 

Frequency in 
Ashdod 

P value 

Crowding index 

1*1.5 persons'room) 

56.01 tTMP 

61.3(13661 

0003 

No heating 

12.6(17911 

24.0 (14501 

<0 001 

Father'* education 

< <8 years i 

29.7( 1662) 

27.3 (13041 

N\s ,(0 16 * 1 * 

Mother smoking 

2116(17441 

161 <139111 

<0.001 

Respiratory diseasev 

among fathers 

6.3 115:57,1 

10 H 1111621 

0.034 

Oriental origin 

of father 

5,2.5 < |775i! 

6K 2 (14201 

<».4Nlli 


“ Sumkr of children in paremhe*c%. 
* P > (Ut5 c* considered! a* VS 



Source: https:/ ' ndustrydocuments.ucsf.edu/docs/tgnx0000 


2023379781 


34 


GOREN AND HELLMANN 


TABLE 3 

Prevalence un <*) of ltomATQtY SYMrroHS ANQ Diseases among Second and Fifth 

ClADE SCHOOLCHILDREN FROM ASKDOD (POLLUTED AREA) AND HaDERA <N ON POLLUTED A*XaI 

wtthin the Subgroup of Children Whose Houses are Heated 


Respiratory 
symptom or disease 

Prevalence in 
Hadera <*) 

Prevalence in 
Ashdod 

P value 

Cou|h with cold 

59:9 <IS56>* 

40.1 (1080) 

N.S.(0 957)* 

Cough without cold 

S:2iil530) 

14.111075) 

<0001 

Sputum with cold 

19.1 114851 

201(10501 

N.SI0 333) 

Sputum without cold 

5 9 (i4*n 

6.9 <10511 

0.00) 

Wheezing with cold 

14:0114261 

It.o <997 \ 

0.050 

Wheezing without cold 

7.111245) 

9 8(936) 

0.030 

Cough - sputum 

Wheezing with shortness 

6.3 ( 14231 

10 1110091 

<0.001 

of breath 

10.6 <14671 

116(1029) 

0.02S 

Chest illnesses 

5,8(1509) 

9.5(1051) 

<0.001 

Chest illness with sputum 
Three or more illnesses 

4.5(1398) 

7:8 11020) 

<0:001 

with sputum 

2.4 <140*1 

4.5(1006) 

0:005 

Measles 

16 j4 (1292) 

17.5(888) 

S.S<0 560l 

Sinus trouble 

4.9 <1248) 

3,7 (859) 

S.S.0.2451 

Bronchitis 

22:0(1325) 

25,4(903) 

.VS.i0.07Ol 

Asthma 

9 8(1261) 

13.0(868) 

0.026 

Pneumonia 

12.9(1307) 

18.1(901) 

0.0011 

Ear infections 

31/7(1304) 

32.6(8681 

N.SJO.685) 

Allergy 

15.9(1493) 

19 1 (1018) 

0.045 


• Number of children in parentheses. 

• P > 0.05 it considered «NS 


dren (Colley and Brasser. 1980) showed a close association between air pollution 
and various respiratory indices in children. The Groupe Cooperatif PAARC 
(1982) also demonstrated that children growing up in SO : -poliuted areas in Fiance 
show a higher prevalence of upper respiratory symptoms. 

TABLE 4 

Relative Risk for Respiratory Symptoms and Diseases for Second and Fifth Grade 
Schoolchildren from ashdod i Polluted areai as compared to Hadcra 
(Nonfolluted area) 


Respiratory symptom 
or disease 

Hadera 

Ashdod 

P value 
(for area) 

Cough without cold 

1.00 

147 

0.049 

Cough + sputum - 

too 

1.55 

0007 

Chest illnesses 

1.00 

1,95 

0003 

Chest illnesses + sputum 

L00 

1.91 

0:015 

Bronchitis* 

too 

2.30 

0008 

Asthtna 

1.00 

2.66 

0 039 

Pneumonia 

Respiratory diseases 

1,00 

1.47 

0 003 

among siblings 

100 

154. 

0002 

• The model does not fit very 

well (P value for model <0.11 




w 

£ 

CJ 

CJ 

wl 

CD 

I 
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Other cross-sectional surveys carried out among schoolchildren in different 
countries also showed an association between area of residence and prevalence 
of upper and lower respiratory tract illnesses (Colley and Holland. 1967; French 
et at:, 1973: Hammer et at.. 1976: Love et at., 1981; Lunn et at., 1967; Melia et 
al„ 1981; Mostardierof.. 1981b: Toyama. 19641: 

Ferris (1978a). in a review article, criticized most children studies, especially 
because of insufficient control of possible confounding factors, and because ex¬ 
posures for children were only estimated. 

Lebowitz (1981) recommends spatiotemporal designs as useful strategies in 
surveillance of respiratory effects of point sources of pollution: In this study, we 
tried to estimate health effects in two communities with different pollution levels. 
We used a spatial approach in which multivariate statistical analyses were per- 
formediin order to control for possible confounding factors. As in other environ¬ 
mental studies, only estimates of exposure for children, based on community 
monitoring, were available. 

Monthly average concentrations of SO] in Ashdod are within the range of 10:6 
and 45.2 tig/m\ with an annual average of about 30 (ig/m 1 . 

In their, study. Love et ah <19811 demonstrated health effects among school- 
children with air pollution levels similar to those measured in our study. Melia et 
at. (1981) could not show any relation between prevalence of respiratory illhess 
and SO : annual means ranging from 12 to 114 pjg/m J i Other studies (French et al.. 
1973: Groupe Cooperatif PAARC. 1982: Hammer et at.. 1976; Mostardi et at.. 
198 lb) i indicate higher SO : concentrations as threshold levels for aggravation of 
respiratory conditions. 

It is possible that other pollutants, either separately or in combination with S0 2 
and NO;, contribute to the observed health effects. Since no measurements of the 
concentrations of heavy metals and organics (herbicides, for example) are carried 
out in Ashdod. their contribution to the health status of the population is not 
known; 

In our survey: we could show that chronic respiratory symptoms, and most 
pulmonary diseases., were significantly more common among children from the 
polluted area. The higher prevalence of only the chronic (and not the transient) 
respiratory symptoms can not be attributed to general tendency of the population 
in Ashdod!to ovenepon respiratory conditions among their children. 

It is of interest that the logistic models fitted for the respiratory conditions 
better demonstrate the interaction between the background variables and the re¬ 
spiratory. diseases, rather than the interaction with respiratory symptoms. The 
relative risks calculated for respiratory symptoms in Ashdod children were found 
to Ire about' 1.50. and those for pulmonary diseases within the range of 1.47 and 
2.66. as compared with 1.00 for Hadera children. 
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Nordvall, S.L., Eriksson, M. , Rylander, E., Schwartz, B. 
"Sensitization of Children in the Stockholm Area to House Dust 
Mites" Acta Paediater Stand 77:716-720, 1988. 

ABSTRACT: Atopic sensitization of children in' the 
Stockholm area to house dust mites (HDM) was investigated ini a' 
case-control study. Sixty children with and 60 without positive 
skin prick tests for HDM were matched for age and sex. 
HDM-sensitized children had previously more often lived in other 
areas known' to be mite infested than the control children. 
Sensitization to mites was related to dampness in the homes, but 
no significant relationship was found to the type of residence, 
frequent visits to a summer house in the archipelago or parental 
smoking. Dust samples from mattresses of the children with the 
strongest positive reactions to mites in skin prick tests and the 
respective controls were subjected to an enzyme immunoassay, to 
measure the content of the major allergens of the Dermatophagoids 
(D.) species D. pterinyssinus, D. farinae and D. microceras. 
Mattress dust samples from the beds of HDM-sensittized children 
contained significantly higher HDM antigen concentrations than those 
from the beds of controls. Private houses contained significantly 
more HDM antigens than flats and 10 of 11 homes in which a dampness 
problem was recognized contained mite antigens. It is postulated 
that mite infestation is increasing in the area, energy-saving 
measures created improved conditions for HDM survival. 
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Sensitization of Children in the Stockholm Area to House Dust Mites 

S L. NORDVALL, M. ERIKSSON. E. RYLANDER and B SCHWARTZ 

from the Deportment of Paeduuncs. Si Corot i s Children s Hospital< Stockholm, 

Sweden and AUergologak Laboratorium. Copenhagen, Denmark 


ABSTRACT. Nordvai, S. L., ErikiiM, M., Ryftaadef, E. mi Schwarts, 1. (Dtfartnth 
at Paediatrics, St. Gdrtaa Cbildrtali Hoapftal, Itnrfholar Swedes sad Alergotog U k 
Laboraftoriaa, Copenhagen, Denmark). Senattbadon at cbiMren ia the S—ebbahb araa la 
boaae dast aUtss: Acta Paedfartr Semi 77: 714, Ml. 

Atopk seasitizatioa of children la the Stockholm area la boat* dost arittt (HDM) warla- 
vesttgaard ia teas e coatrol atndy. Stay chlldrtt with aad 40 wHboat positive tfcJa prick lefts 
far HDM were autebed foe aft sad m. HDM-seasHtsed cbOdrea bad pr a rio as ly aon 
•flea bred la other areas kaowa to be adte iafaated that the caatro) children. SearitUadoa 
to adtes was related to daapaess la tbc bats , bat ao significant relationship was bead to 
the type of reside ace, freqaeat visits to a usmmar boose ia the archipelago or patstai loot* 
iag. Dost samples from Buttresses of tbe cbiidrea with the strongest positive reactions to 
elites iastia prick tests sad the respective coatrob were sabjected to aa ea iy o u \mmomom 
My. to mtasare the content of the major alerftas of tbe Derautopbafoidcfl <D.) species D. 
pterinynlntiiy D. farinas aad D. mlcrocerm, Mattress dost saaipies froei tbe beds of HDM- 
scasitized children contained significantly higher HDM aatigea coaceatrsdoos tbaa those 
froei the beds of coatrob. Private booses coataiaed significantly aiore HDM antigens tbaa 
flats aad II of 11 hoses ia which a dsaipoess problem was recognized coataiaed able an¬ 
tigens. It b postoiated that mite infestation b increasing ia the area, energy-saving aseasares 
creating improved conditions for HDM sarriral. Key words: komse dost mites , Drr* 
matophagoides, allergen analysis, ELISA. 


House dust mites of the genus Dermatophagoides (HDM) are known to be important al» 
lergens in cases of dust alltrgy (1,2). The growth and survival of HDM are known to depend 
on climatic conditions, the most important being the humidity in the homes (2-8) For HDM 
survival a relative humidity (RH) of 55% is required and the optimal RH for HDM growth 
is known to be as high as 75-80% . Since climatic conditions thus greatly influence the quan¬ 
tities of HDM in house dust, considerable differences are found between different geo¬ 
graphic regions (9, 10). between seasons (11, 12) and also between different houses (7). 

The general climatic conditions in the Stockholm area are unfavourable for growth of 
HDM. the winters being coldl with a prolonged indoor heating season and an indoor RH 
that is generally much below the critical 55% for HDM survival. In a previous study (13) 
mite concentrations in house dust from this area were found to be very low and Der- 
matophagoidts were virtually absent. Yet in our daily practice we see children who are ob¬ 
viously sensitized to HDM. as shown by positive skin prick tests and radioallergosorbent 
tests for these allergens. This study was undertaken to find out the causes of sensitization to 
HDM in our area. 


MATERIAL AND METHODS 

The study comprised children who were attending the out-patient allergy clinic of St: COran's Childrens 
Hospital in 1984-1986 for routine tests, Skin prick tests (SPT) were carried out in accordance with the 
Nordic guidelines (14); during the penod January 1984 to November 1985 Pharmalgen* 10000 BU 
(Pharmacia AB. UppsaU. Sweden) was used and from December 1985 onwards the tests were per¬ 
formed with allergen precoated lancets (Phaxet*) from the same supplier. The wheal sizes were related 
to those of histamine hydrochloride 1 mg/ml. A panel of ten allergens was used: Dermatophogotdes 
ptennyssmus (D pt ). Dermatophagoides fannae (D.f.). cat, dog. horse, umothy. Cladosporium her - 
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bamm. Alternant alternate. birch and mugwort. Sixty-six children with a positive SPT reaction (1* or 
more, minimal mean wheal sat 2.5 mm with a flare) to either or both of the two Dtrmasaphagoidts 
species were included in the study Another 66 children who had been tested during the same time 
penod for suspected allergies but had negative SPT to both Dermatopkagoides species in SPT served as 
controls A total of 80 boys and 52 girb aged 5-17 yean were included to the study Matching was per- 
formed with respect to both age and sex 

Questionnaire The parents were asked to complete a questionnaire concerning the childrens previous 
environment, i.t. whether they had lived in mite-infested regions in southern Sweden or abroad. Ques¬ 
tions were also asked about paternal and maternal smoking, type of residence—i e. whether they lived 
in a private house or a flat—and whether the family frequented a summer bouse in the Stockholm ar¬ 
chipelago, There was also a question as to whether dampness was recognized as a problem in their per 
manent home Forms were completed for 60 matched pain of children. 

Dust sampling , A mattress dust sample was requested from the beds of those mitt-sensitized children 
who had displayed at least one 3* SPT reaction to cither of the two HDM species or 2+ reactions to 
both, and also from the beds of the respective controls Dust from houses where a moisture problem 
had been acknowledged was also collected. Sampling was performed as described by Mosbech k Lind 
(15). by the parents, using their usual vacuum cleaner and a specially designed nozzle with a thick filter 
paper (13). This was done in 1986 from the list week of September to the end of October. Out of 62 
requested samples. 54 were obtained and analysed. 

Dust analyses. Aqueous extracts were prepared as previously described by suspending each gram of 
the ditst sample in 5 cc of 0.9% saline (16). The contents of HDM antigens were determined by an en¬ 
zyme-linked immunosorbent assay (ELISA), using affinity purified monospecific anttsera against the 
major mite allergens of three DermatophagouUs species pteronyssinus (antigen Der pi. formerly Dp 42 
or PI), fannae (antigen Der fl) and microctras (antigen Der ml) (117). Standard Quality HDM extracts 
from Allergologisk Labomorium A/Si Copenhagen. Denmark, were used as reference allergen solu¬ 
tions Standard curves were run simultaneously on each of the plates. Less than 0.1% cross-reactivity 
was observed between these species-specific antisera in the ELISA assay (17). 

Statistics Fisher's exact test was used for comparison of data for cases and controls obtained by the 
questionnaires Non-parametric tests were used in the processing of data for dust antigen contents, 
paired tests for the matched case-control comparisons (Wilcoxon signed ranks test) and the Mann-Whit- 
ney test for other comparisons 


RESULTS 

Questionnaire . A significantly higher proportion of the children with positive SPT to HDM 
than of the controls* reponed long stays in mite-infested areas abroad or in southern Swe¬ 
den (Table l). More mite-sensitized children than control children lived in private houses 
but this difference was not significant. The parents of mite-sensitized children acknowledged 
a problem of dampness in their home more frequently than those of the controls (p<0.006). 
The frequency of visits to a summer house in the archipelago was similar in the two groups. 
A higher proportion of the mothers of mite-sensitized children than of control children were 
smokers, but this difference was not significant (p<0.16). 


Table 1. Data on environmental factors obtained from questionnaire 



Travel 

Private 

house 

Dampness 
in home 

Summer- 

house 

Mother 

smoker 

Father 

smoker 

Case 

Control 

Yes NO 
32 21 

17 39 

Yes No 

28 29 

22 38 

Yes No 

11 46 

2 58 

Yes No 

12 45 

17 43 

Yes No 
22 35 

17 43 

Yes No 

12 44 

16 41 

p values 

<0.003 

<0.12 

<0 006 

<0.24 

<0.16 

<0.18 


Cases (mite-sensitized children) compared with controls (children without sensitization to miles) Statis¬ 
tics Fisher's exact test Travel* chi Id fen with and without freqqent stays in southern Sweden or other 
mite infested areas 
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fig. /. House dust mite Antigen 
contents from beds of mite-sensitized 
children (■-■) end controls (• ) Dpt. 
Df end Dm - contents of Antigens 
Derpl. DerfI And Derm!, respec¬ 
tively tot - toul amount of the 
three Dtrmaiophagoidu antigens. 


Dust analysts. HDM Antigens Der pi and Der fl were found in a considerable proportion 
of the dust samples, whereas antigen Der ml was found only sparsely. Dust from the homes 
of mite^sensitized children contained larger total amounts of mite antigens than dust from 
the homes of controls (Fig. I) (pcO.OOl). This difference was significant both for Der pi 
(p<0.02) and for Der fl (p<0 03), The difference in mite antigen contents between private 
houses and flats (Fig. 2) was striking and was significant both for the total mite antigen con¬ 
tents (p< 0.001) and for Der pi (pcOiOOS) and Der fl (p<0.02). A high proportion (10 of II!) 
of the dust samples obtained from houses where a dampness problem was recognized con¬ 
tained HDM antigens (Fig 3). 


DISCUSSION 

From the results of this study two explanations emerge for; the mite-sensitizationobserved 
among children in a Stockholm allergy clinic. One of them is obvious; i.e. previous resi¬ 
dence in or frequent visits to other more heavily mite infested areas. The most important 
cause of the sensitization of the children, however, was the occurrence of HDM antigens in 



fig 2. House dust mite Antigen 
contents from private houses (- ) 
And flAts ( • ). For further explan* 
tions, sec legend ! to Fig: t: 



Source: https://www.industrydocuments.ucsf.edu/docs/tgnx0000 
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contents in homes with acknowl* 
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further explanations, see legend to 
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the dust of their homes It is apparent from our dkta that the concentrations of HDM anti* 
gem may reach extreme peak leveb in our homes 
In a previous study (13) Dermatophagoides were found to be very rare in the homes of the 
area. There may be several explanations for the divergent results of these two studies In the 
previous study dust was collected from the homes of adults A correlation between mite-sen¬ 
sitization in adults and the presence of HDM in their current homes is not expected to the 
same degree as in children, since adults are more likely to have been sensitized elsewhere 
and at a younger age Further. inTuros* study (13) dust wu collected all through the year, 
whereas our samples were collected in the autumn, when peak levels could be anticipated. 

Microscopy was used inTuros' study for the detection and quantification of mites, whereas 
we used a modem ELISA technique. These two techniques are not known to differ, how¬ 
ever. when properly performed (17) Even though some differences in the design of the two 
studies may thus partly explain the discrepant results, it appears probable, that the differ¬ 
ence reflects a true increase in HDM infestation in the area. 

Increased mite infestation is a possible consequence of the changes in the construction of 
buildings that resulted from the energy crisis in the early seventies Improved insulation and 
decreased ventilation iof homes may have created a more favourable indoor climate for mite 
survival. Many homes in Sweden that were constructed in the late seventies smell of mould, 
but this problem occurs only rarely in older buildings and then often in conjunction with re¬ 
novations (18). These findings are in accordance with the hypothesis that mite infestation of 
homes has increased and that the consequent sensitization to mites and clinical mite allergy 
may be of increasing importance in our area. Our findings, that private houses are more 
prone to mite infestation than flats, and the observed and very likely relation to problems 
of dampness, add further support to this notion. 

in a majority of the dust samples HDM antigens were not detectable by the ELISA 
technique. This contrasts wtth findings from Copenhagen, where only a minority of the 
houses were found to be free of HDM antigens, when the same ELISA technique was used 
to examine dust from unselected houses (17): The general climatic conditions are probably 
more favourable for mite growth in Denmark than in our area, where the indoor climate 
possibly has a greater impact. In Denmark too. however; there are considerable discrepan¬ 
cies in the concentrations of HDM in house dbst between different houses (7.17). which has 
been attributed in pan to differences in housing conditions (7). 

The spread of HDM to houses of our temperate regions, where the general climatic con- 
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dit ions are unfavourable for mite growth, deserves further attention; Technical investiga¬ 
tions of the types of houses that are associated with these problems seem important from a 
preventive aspect. Those who have already encountered this problem in their homes need 
technical advice to help them to eliminate mites. Studies performed in other regions of the 
world do not necessarily apply to our Ideal conditions, and effects of improved ventilation 
and other measures for HDM sanitation should also be evaluated here. 
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Mitchell, E.A., Stewart, A.W., Pattemore, P.K., Asher, M.I., 
Harrison, A.C., Rea, H.H. "Socioeconomic Status in* Childhood 
Asthma", International Journal of Epidemiology 18(4): 888—890, 
1989. 

SUMMARY: This study examines the relationship between socioeconomic 
status (SES) and asthma prevalence and the use of asthma medication. 
One thousand andi fifty European children aged eight and nine years 
were studied by parent completed questionnaire and histamine 
inhalation challenge. After controlling for sex of the child and 
for smokers in the house there were significantly higher lifetime 
(P = 0.029) and current (P = 0.046) prevalence rates of wheeze in 
children in low SES groups. There was no relationship' between SES 
and asthma diagnosis, bronchial hyperresponsiveness (BHR: 
PD20 < 7.8 fimol) , or any combination of BHR with symptoms or 
diagnosis. 

The use of bronchodilators and asthma prophylactic dtugs 
was less frequent in the low SES groups of children with wheeze in 
the last 12 months both with concurrent BHR or irrespective of BHR 
than in those in high SES groups. 
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Mitchell E A (Department of Pediatrics. School of Medicine. University of Auckland, Private Sag, Auckland. New 
Zealand). Stewart AW* Pattemore P K* Innes Asher M. Harrison A C and Rea H H. Socioeconomic statusin childhood 
asthma, thternitiontf JoumsJ of Epidemiology 1989,18: B88-890. 

This study examines the relationship between socioeconomic status (SES I end asthma prevalence and the use of 
asthma medication. One thousand and fifty European children aged eight end nine years were studied by parent com* 
plated questionnaire and histamine inhalation challenge. After controlling for sex of the child and for smokers in the 
house there were significantly higher lifetime (P » 0.029) and current (A • 0.046) prevalence rates of wheels in chil¬ 
dren in low SES groups. There was no relationship between SES and asthma diagnosis, bronchial hyperrespon¬ 
siveness (BHR: PD20 <7.8 pmot). or any combination of BHR with symptoms or diagnosis. 

The use of bronchodiiators and asthma prophylactic drugs was less frequent in the low SES groups of children with 
wheeze in the last 12 months both with concurrent BHR or irrespective of BHR than in those in high SES groups. 


For many diseases poor health is both more prevalent 
and more severe in children in families with low socio¬ 
economic status (SES) than in children from better cir¬ 
cumstances 1 While some studies suggest that there is 
an excess of severe asthma in children with low SES, 2 * V 
several studies have suggested that there is a higher 
prevalence of asthma in childremin high SES families 
compared with those in low SES;?' 9 'and other studies 
have not found any relationship between asthma 
prevalence and SES.** 

During a study comparing asthma prevalence 
between Australian and New Zealand schoolchildren 10 
wc have had the opportunity to examine the relation? 
ship between SES and the prevalence of childhood 
asthma using a number of different criteria for asthma 
(including bronchial ihyperresponsiveness (BHR)) and 
the use of asthma medications. This study is reported 
here. 

METHODS 

The methodology has been described in detail else* 
where. 1 " Briefly a random sample of approximately 
1 MX) European childremwas selected from the Auck- 


Depirtvnrniv of Paediatric* and Community Health. School of 
Medicine. University of Auckland and the Department of Respiratory 
Medicine: Gremlin* Hospital. Auckland. 

Repnni requests Dr E A Mitchell. Department of Paediatrics. School 
of Mediane. University of Auckland: Pnvaie Bag. Auckland I. Ne* 
Zealand 


land region. A questionnaire was completed by the 
parents, which included questions about demographic 
details of the child and parents, a history of asthma 
symptoms, diagnosis, current medications for asthma, 
and parental or other household members' smoking 
habits. The children underwent a histamine inhalation 
challenge using the method of Yan et at." Children: 
whose forced expiratory volume in one second (iFEV,): 
fell by more than 20% of baseline after receiving a: 
cumulative dose of 7.8 prnols histamine or less were 
considered to have bronchial hyperresponsiveness 
(BHR). Socioeconomic status was defined from a revi¬ 
sion of the Ellev Irving socioeconomic six-point index: 
for New Zealand occupations using the father's pres¬ 
ent or most recent occupation if he lived at home, 
otherwise the mother's occupation. 11 Five groupings, 
were used (1-5) with group one representing the high¬ 
est level and group five representing indices 5 and 6' 
combined. 

Seven criteria for asthma prevalence were used for 
comparison with SES: any wheeze (including exercise 
wheeze) ever, any wheeze in the last 12 months and 
asthma diagnosed ever. The number of children with 
concomitant BHR in each category was also assessed. 
The seventh criteria was the presence or absence of 
BHR overall. 

The current use of bronchodiiators and asthma pro¬ 
phylactic drugs (inhaled steroids, cromoglycate): were 
examined by SES group in children with wheeze in the 
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Iasi 12 months, both with concurrent BHR or irrespec¬ 
tive of BHR. Because of small numbers SES groups 
1^2 and 4-6 were combined for this analysis. 

The effect of the socioeconomic status of the chil¬ 
dren on the various measures of asthma was assessed 
by use of a logistic regression model. As it was thought 
that the smoking status of members of the household 
and the child's sex may have some confounding influ¬ 
ence. these variables were also included in the model. 
Each of the asthma measures used were in the two 
category form, present or absent Smoking was also 
classified as presence or absence of maternal smoker, 
paternal smoker or any smoker living in the household. 
The hypothesis considered was that there was a linear 
trend in the proportion of children with a positive out¬ 
come over the socioeconomic categories. With the size 
of sample available the power to detect an increase of 
3.5% in outcome for each step from the highest socio¬ 
economic category to the lowest was approximately 65 
to 75%. 

RESULTS 

Of those sampled (84%) 1084 children were tested. 
SES could not be ascertained from the questionnaires 
in 34 children, leaving a final sample size of 1050. 

Table 1 gives the crude prevalence rates for the five 
SES groups for the seven chosen asthma criteria and 
the probability (p) for a linear trend in SES after 
controlling for any smokers in the house and for sex of 
the child. A similar pattern of results is obtained 
regardless of whether the smoking variable being con¬ 
trolled for is mother's smoking, father's smoking or 
any smoker in the house. The lifetime or current preva¬ 
lence rates for any wheeze (including exercise wheeze ) 
arc significantly higher in lower SES groups (p « 0.029 
and p = 0.046 respectively), whereas there is no 
relationship between SES and the diagnosis of asthma, 
BHR or any combination of BHR with symptoms and 
previous asthma diagnosis. 


SXM 

Table 2 shows the pre valence of asthma medical ion 
use bv SES group in asthmatic children using the tW 
criteria for asthma which include wheeze in the last* 
months. There is a clear trend for greater use of asthma 
medications in higher SES groups and this is particu¬ 
larly notable for prophylactic drugs. 

DISCUSSION 

SES can be measured in a number of ways, the com¬ 
monest being occupation, education or income. In 
other studies examining the relationship between SES 
and asthma prevalence the results have tended to be 
consistent irrespective of the measure of SES used. 
This study used occupation as the measure of SES. 

The definition of asthma in previous studies has 
depended upon questionnaires and frequently upon 
parental reporting of asthma l In this study the parental 
questionnaire: also sought information about wheez¬ 
ing: and the children were tested! for BHR. The 
relationship between these factors and the diagnostic 
label ‘asthma' is not straightforward! Furthermore, it is 
well established that asthma may be underdiagnosed." 
Thus studies which have related asthma diagnosis to 
SES may yield different results from comparisons of 
symptoms and/or BHR to SES. r v,, A 

The higher prevalence of asthma diagnosis in high. 
SES groups seen in earlier studies may reflect a SES 
effect on the disease label rather than the disease itself . 
This and other recent studies” have found no relation¬ 
ship between SES and asthma diagnosis, suggesting 
there may have been a change in the use of the label 
with time. 

Studies defining asthma by wheezy symptoms have 
tended to find no relationship with SES. M In contrast 
this study found significantly higher rates of wheezy 
symptoms in children from lower SES groups. This is 
not explained by increased parental smoking in lower 
SES groups as the results were controlled for smokers 
in the household. 


Table 1 Observed asthma prevalence by socioeconomic group 
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Some workers consider that BHR is useful for the 
diagnosis of asthma in epidemiological surveys as it is 
an objective test, most current asthmatics exhibit BHR 
and BHR correlates with the severity of asthma . 14 This 
study foundIno relationship between SES and BHR or 
any combination of BHR with symptoms and asthma 
diagnosis. 

.••• tMjoaar^ 

SES and asthmt prevaJe^emciStJrei^the finding of 
an increased prevalence of wheeze in low SES groups 
might be caused Iby an increase in the prevalence offac- ? 
tors which trigger or manifest wheezy episodes in the 
predisposed child. Such factors include respiratory 
tract infections,'- which have been found to be more 
common in low SES groups, and house dust mites, , . 

which are found in Mj^coiHWltr*^ 

environments which probably occur more frequently " ^ 

in houses of poor families. , , 

The finding of less frequent use of asthma medi¬ 
cations in lower SES groups with current symptoms has 
been described!* and is consistent with described social 
inequities in health . 1 IT There are a number of possible 
explanations for this finding. One possibility is that 
prescribing by the medical practitioner may vary 
according to the SES group of the child and their 
family. Alternatively there may be no difference in 
prescribing patterns, but rather a difference in uptake. 

Finally it may be that children with lower SES families 
have poorer, less regular and less frequent contact with 
medical practitioners and thus miss the opportunity for 
prescription of asthma drugs. 





♦McNkol X N, Williams H E. Allan J, Me Andrew i\ 

asthma in children—III. Psychological and socialcompcnehts. , ’ ^ 
" Jr 

’ Mak H, Johnston P, Abbey H, Tklamo R G Prevalence of aadunh 
and health serviceutilization of asthmatic chOdreff b au inner; ~ 
dty.7 AUergy CUn Immunol 1982; 7t: 367-72. y. 

• Norwood L J, Fergutson D M. Shannon F T. Social and familiar fac- 
ton In the develop mem of early childhood asthmas Bedim 


of asthma Inchildhoodrj Epidemiol Comm NeatihX 986;4#t 

-• . .. 

moftrisonof the '*5*? 


’* Asher M V, Pattemorc P K, Harrison A 

Siewan A W. Woolcock A J. International comparison of the 
prevalence of asthma symptoms and bronchial h y permpon^^-. 

Am Rev RespU DU 1988; 138:524^9^ 

" Yan K, Salome C. Woolcock A J. Rapid method iormets*^ 
bronchial responsiveness. Thorax 1983; 38:760-5: i> >v s 
13 Johnston R. A revision of socioeconomic indices for New Zealand. 
Wellington (NZ), New Zealand Council for Educational 
. Research 1983. - ■-V;v>- V 

11 Speight A;N. Lee X) A, Hey E N. Underdtagnosh and vnden y 
treatment of asthma in childhood. BeMed J l983:28fe 1253-4# 

M Woolcock;A J. Yan K. Salome C M. Sedgwick C J. Pent J. What -- • 

:/ <* determines the severity of asthma? Chert 1985:87t 209»-2l3s. : ■ 

M MinorT E, Dick E C. DeMeo A N. Oueltetie J J. Cohen M, Reed 

‘ El Viruies is predpitants of atthmatkittackiinW 



JAMA 1974; 227: 292-8. 




jt ^ , ? 


ACKNOWLEDGEMENTS 

Supported bv the Medical Research Council of New 
Zealand and the Asthma Foundation of New Zealand. 

REFERENCES 

* Egbuonu L. Siarfleld B. Child Health and Social Status. Pediatr 
1982: 69: 550-7 


> Anderson H R, Bailey P A. Cooper J S. Palmer j G Influence oil. 
morbidity; illness label, and social: family and health service 
factors on drug treatment of childhood asthma. Lancet 1981: 
2:1030-2. . J 

r Inequalities in health: Report of a DNSS research working group 
London, Depanmem of Health and Social Security 1980. 

H - (Revised version reedwj Aprilj?89) , ’ 

v • =-'i#' • • 

V'-. / A.-* - r- - 

- V; : v-'V. ^ 

-i,W-.v-■v.-:■ 


•V'’- Hr 'i? 


>*■ ^ 
J 


Source: https://www,jnd.ustr^clpcuments.ugsf.edu/docs/tgnX0000. 


46464CC202s 



2023379798 


Source: https://www.industrydocuments.ucsf.edu/docs/tgnxOOOO 











Pope, C.A. "Respiratory Disease Associated with Community Air 
Pollution and a Steel Mill, Utah Valley" AJPH 79(5): 623-628, 1989. 

ABSTRACT: This study assessed the association between hospital 
admissions and fine particulate pollution (FM^q) in Utah Valley 
during the period April 1985-February 1988. This time period 
included the closure and reopening of local steel mill, the primary 
source of PM 10 . An association between elevated PM^q levels and 
hospital admissions for pneumonia, pleurisy, bronchitis, and asthma 
was observed. During months when 24-hour PM^o levels exceededi 
150 jxg/m 3 , average admissions for children nearly tripled; in 
adults, the increase in admissions was 44 per cent. During months 
with mean PM 10 levels greater than or equal to 50 pg/m 3 average 
admissions for children and adults increased by 89 and 47 per cent, 
respectively. During the winter months when the steel mill was 
open, PM 10 levels were nearly double the levels experienced during 
the winter months when the mill was closed. This occurred even 
though relatively stagnant air was experienced during the winter 
the mill was closed. Children's admissions were two to three times 
higher during the winters when the mill was open compared to when 
it was closed. Regression analysis also revealed that PM 10 levels 
were strongly correlated with hospital admissions. They were more 
strongly correlated with children's admissions than with adult 
admissions and were more strongly correlated with admissions for 
bronchitis and asthma than with admissions for pneumonia and 
pleurisy. 
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-Respiratory Disease Associated with Community Air Pollution 

and a Steel Mill, Utah Valley 

G. Arden Pope HI, PhD 


Abstract: This study assessed the association between hospital 
admissions and fine paniculate pollution (PM I0 ) in Utah Valley 
during the period April 1985-Febmary 1988. This time period 
included the closure and reopening of the local steel mill, the primary 
source of PM 10 . An association between elevated PM, 0 levels and 
hospital admissions for pneumonia, pleurisy, bronchitis, and asthma 
was observed. During months when 24rhour PM l0 levels exceeded 
130 pg/m 3 , avenge admissions for children nearly tripled; in adiilts, 
the increase in admissions was 44 per cent. During months with mean 
PM I0 levels greater than or equal to 50 pg/m 3 average admissions for 
children and I adults increased by 89 and 47 per cent, respectively. 
During the winter months when the steel mill was open, PM IQ levels 


were nearly double the levels experienced during the winter months 
when the mill was dosed! This occurred even though relatively 
stagnant air was experienced during the winter the mill was closed. 
Children's admissions were two to three times higher during the 
winters when the mill was open compared to when it was closed. 
Regression analysis also revealed'that PM 10 levels were strongly 
correlated with hospital admissions. They were more strongly 
correlated with children's admissions than with adult admissions and 
were more strongly correlated with admissions for bronchitis and 
asthma than with admissions for pneumonia and pleurisy. (Am J 
Public Health 1989; 79.62W2B.) 


Introduction 

On March 20, 1984, the US Environmental Protection 
Agency (EPA) proposed changes in the national ambient air 
quality standards for paniculate pollution. Total suspended 
particulates (TSP) was to be replaced with a new indicator of 
paniculate pollution that includes only those particulates 
with an aerodynamic diameter equal to or less than a nominal 
10 micrometers (PM 10 )j On July 1, 1987, the EPA announced 
its final decision. The previous primary TSP standards were 
to be replaced, effective July 31, 1987, with a 24-hour PM l0 
standard of 150 micrograms per cubic meter (jig/m 3 ) with no 
more than one expected exceedance per year and an annual 
PM j© standard of an expected arithmetic mean of 50 ^g/m 3 ; 1 ' 

Earlier studies of the health effects of particulate 
pollution 2-1 revealed a possible connection between air pollu¬ 
tion and human health, and launched a wave of research 
exploring this connection: 9-19 Recent research has observed 
that even moderately elevated concentrations of particulate 
pollution may result in reductions in children's pulmonary 
function 20 * 21 and increased risk for bronchitis and other respi¬ 
ratory Alnesses. 22 Other recent research questions the existence 
of a threshold level. 1123 

Previous studies have not used PM 10 as an indicator of 
particulate pollution! Recent experiences in Utah County have 
provided a unique opportunity to investigate a possible asso¬ 
ciation between respiratory health and different levels of 
PM, 0 . Utah Valley has had daily monitoring of PM, 0 since 
April 1985; it has an extremely low percentage of smokers; h 
has experienced a prolonged shut-down and then reopening of 
the steel mill, its largest source of particulate pollution; over 
time, since monitoring of PM ,o began, the valley has experi¬ 
enced considerable variability in levels of fine particulate 
pollution; and hospital inpatient admissions data for respire 
tory illnesses can be obtained. The objective of this paper is to 
report what has been observed in Utah Valley with respect to 
hospital admissions for respiratory illnesses and PM^ 0 levels. 
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Methods 
Study Area 

Utah Valley, Ideated in Utah Cdunty of Central Utah, is the 
third largest county in the state with a population of 258,000 in 
1987 . 24 Approximately two-thirds of the population resides in 
five nearly contiguous cities situated on a valley floor with an 
elevation of approximately 1,402 meters above sea level bor¬ 
dered east and west by mountains (Figure 1 )i 

Based on an unpublished 1986 Utah State Department of 
Health survey, only 5.5 per cent of Utah County’s adults (18 
years of age or older) smoke; approximately 90 per cent of its 



FIGURE 1— Study Area, Uuh Valley 
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residents arc members of the Church of Jesus Christ of 
LanerrDay Saints (Mormon) 23,26 which has strong church 
teachings against smoking. 

Monitoring ofparticulate pollution began in 1964 and for 
carbon monoxide in 1971,. On March 3, 1978, the EPA 
designat ed ♦ho co unty as a non-attainment area in accordance 
with provisions of Section 107 of the Clean Air Act: EPA 
ambient air quality standards for TSP and carbon monoxide 
were often exceeded at monitoring sites at Provo, Lind on, and 
Pleasant Grove during winter months when temperature in¬ 
versions trapped emissions in stagnant air near the valley floor. 

Generally, the county experienced improvements with 
respect to carbon monoxide pollution in the 1980s. At one 
monitoring site, the number of exceedances of the maximum 
eight-hour primary health standard for carbon monoxide fell 
from a high of 52 exceedances in 1982 to ID exceedances in 
1985. In order to continue to reduce levels of carbon monoxide 
pollution in the county, an automobilfc inspection/maintenance 
and anti-tampering program was implemented in 1986. 

Particulate pollution levels in the county remained about 
the same from 1975W&5 . The 24-hour TSP standard of260 jig/in^ 
was exceeded as many as 10-16 times per year. The average 
annual geometric mean from 1979-85 for TSP at the Lindon 
monitor equalled 65 jig/m 3 . This mean tevel of TSP exceeded 
EPA’s annua] secondary standard of 60 figtai 3 but not the 
annual primary health standard of 75 pgtarr. Monitoring of 
sulfur dioxides (SOJ was conducted in the county in the 1970s 
but was discontinued because S0 2 levels were substantially 
below the annual primary health standard of .03 ppm, the 
24-hour primary health standard of. 14 ppm and the secondary 
3-hour standardiof .5 ppm. 

The primary industrial source of fine particulate pollution 
as measured by PM l0 in Utah County is the Geneva steel mill, 
commonly referred to as Geneva, located near Orem (Figure 
1), When in operation, the mill emits approximately 82 percent 
of all industrial sources of PM l0 including power generation . 27 
When all sources are accounted for, Geneva's contribution to 
PM^o equals 47 to 80 per cent of total emissions. 27 Other 
sources of PM J0 include wood burning (approximately 16 per 
cent); road dust (approximately 11 per cent), diesel fuel and oil 
combustion (approximately 7 per cent). Also, Geneva’s con¬ 
tribution to the county’s industrial emissions of sulfur oxides, 
nitrogen oxides, hydrocarbons, and carbon monoxides are 
approximately 95, 98, 86, and 82 per cent, respectively. 27 

Geneva was built for the US Government in the early 1940s 
as pan of the World War Il effon: It was sold to US Steel Corp 
in 1946. On August 1,1986, the Geneva steel mill shut down as 
a result of a labor dispute with USX Corporation (previously US 
Steel Corp.) The plant reopened on September 11 1987 under a 
new owner, Basic Manufacturing and Technolbgies of Utah, 
Inc. In April 1985, the Bureau of Air Quality began to daily 
monitor PM, 0 at a site in Lindon (Figure I) using a Siena 
Anderson high volume sampler. During the winter season of 
1985/86, Geneva was still open and 24-hour PM, 0 levels ex¬ 
ceeded 150 p.g/m 3 on 13 occasions. The highest single day 
concentration was 365 pg/m 3 . During the winter of 1986/87 
while Geneva was shut down; 24-hour PM| 0 levels never 
exceeded 150pg/m 3 . During the winter of 1987/88, follbwing the 
reopening of Geneva, 24-hour PM l0 levels exceeded 150 pg/m 3 
on 10 occasions with a single day high at 223 (Figure 2); 

During the winter of 1985/86, a random sample of county 
residents indicated that most residents thought that air quality 
was a serious problem and 29 per cent indicated that they had 
one or more members of their family who had health problems 
that were aggravated by air pollution. 28 During the winter of 



Apr July Oct Jan. Apr. AJy Oct. Jain Apr July Oct. Jan 
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FIGURE 2—Monthly Mean and 24-Hour Hiffa FM W (fine parlkulatc poOvtioe) 
LrvtU, Utah Valley, April 1985-iaimary 19S8 


1987/88^ following the closure and subsequent reopening of the 
steel mill, there was much local discussion about the contrast in 
air quality. The frequency and severity of respiratory illnesses 
were commonly perceived to have dropped when the mill was 
shut dow n, and then dramatically increased when it reopened. 
Newspaper articles, letters to the editor, and testimonials in 
public meetings often reflected this perception by many in the 
community. 

Health Data 

Hospital admissions data for respiratory-related ill¬ 
nesses were collected from April 1985 through February 
1988, There were only four hospitals in the county. Data w:ere 
collected from three of them that together had 579 beds. The 
other hospital in the County had only 20 beds, no pediatrics 
unit, no pulmonologist on its staff, and rarely provided 
inpatient care for respiratory illnesses. 

A preliminary study of diagnosis-related groups (DRGs) 29 
at Utah Valley Regional Medical Center indicated that DRGs 
79, 80, and 81 (Respiratory Infections and Inflammations), 
DRGs 85 and 86 (Pleural Effusion), DRG 87 (Pulmonary 
Edema and Respiratory Failure); DRG 88 (Chronic Obstruc¬ 
tive Pulmonary Disease), DRGs 92 and 93 (Interstitial Lung 
Disease); and DRGs 99 and 100 (Respiratory Signs and 
Symptoms) accounted for only 4.9, 0.6, 1.6, 3.3, 0.8, and 5.8 
per cent of the collected cases, respectively. Initial compar¬ 
ative statistical analysis and regression analysis did not reveal 
any association between the closing and subsequent reopening 
of Geneva or PM )0 levels and hospital admissions for any of 
these DRGs individually or collectively. 

The bulk of the respiratory illness (S3 per cent) were for the 
six DRGs that included 89, 90, and 91 (Simple Pneumonia and 
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Pleurisy) and 96,97, and 98 (Bronchitis and Asthma) with 42 and 
41 per cem of the cases, respectively. As a result, this analysis 
focuses on hospital admissions where the principal diagnosis 
was classified within one of these six DRGs. 

Monthly admissions data for these six DRGs were com¬ 
piled for each of the three hospitals Records for outpatient and 
emergency admissions were not complete or consistent for the 
full time period. Therefore, only inpatient dkta were used in this 
analysis. Accurate records for Mountain View Hospital were 
available for the time periods April 1985 through September 
1986 and January 1987 through February 1988. Accurate inpa+ 
tient records for the other two hospitals were available from 
April 1985-February 1988. 

Analysis CooducUd 

Utah Valley Regional Medical Center's admissions were 
sorted into in+county and out-of-county admissions. Both Utah 
Valley Regional Medical Center and American Fork Hospital 
are located within the central urban area of the county, near the 
major sources of pollution. The primary analysis used the 
combined Utah Valley Community Hospital in-county admis¬ 
sions and American Fork Hospital admissions as an indicator of 
the le vel of relatively se vere respiratory illness in the urban area 
of the county. 

Three other sets of hospital admissions data were used as 
control variables: “all-other” admissions from Utah Valley 
Regional Medical Center and American Fork Hospital, excliid- 
ing in-county admissions for pneumonia, pleurisy, bronchitis 
and asthma; out-of-county admissions to Utah Valley Regional 
Medical Center for pneumonia; pleurisy, bronchitis, and 
asthma; and admissions to Mountain View Hospital in Payson 
for the same illnesses 

Hospital admission levels were compared across months 
with different levels of particulate pollution as measured by 
PM I0 . Admission levels were also compared across comparable 
periods of time when the steel mill was open; closed, and then 
reopened. Finally, monthly hospital emissions were regressed 
on PM I0 levels and weather variables obtained at Brigham 
Young University. 30 

Results 

Comparative Analysis 

As can be seen in Figure 2, there was considerable 
variability in PM I0 levels in the county over the study period. 


During those months when exceedances of the 24-hour PM, 0 
standard of 150 |ig/m 3 occurred, the number of admissions for 
children, (M7 years of age, was nearly triple the number of 
admissions for months with no exceedances (Table 1). In 
adults, admissions were approximately 44 per cent higher 
during the months when exceedances occurred: 

During months when the arithmetic mean PM, D levels 
were equal to or greater than 50 ftg/m 3 , children admissions 
were nearly double than when the average PM, 0 levels were 
less than 50 p.g/m 3 . Adult admissions were increased by 
approximately 47 per cent. 

The above comparisons were complicated by the fact that 
the months with especially high levels of particulate pollution 
were during the winter, and the reason for the high incidence 
of respiratory illness may be at least partly attributed to winter 
weather. The intermittent operation of the steel mill provided 
the opportunity to compare different winter seasons with 
marked differences in PM, 0 levels Figure 2 demonstrates that 
when the steel mill was closed, PMj 0 levels were relatively 
low. One concern about making observations pertaining to 
these time periods is that the winter when the Geneva steel mill 
was closed may have had relatively good weather conditions 
and limited conditions of stagnant air. Weather data indicated 
that temperatures fell below zero on only two occasions 
throughout the study period, both in January of 1988 when 
they fell as low as -1® and -7°. Snowfall during this time 
period for 1985/86,1986/87, and 1987/88 totaled only 45.5,33.5 
and 27.5 inches, respectively, 30 

The National Weather Service computes an air stagna¬ 
tion or clearing index for valleys in Western Utah, including 
Utah Valley. 31 The index ranges from 0-1000 with lower 
values indicating more stagnant air. When the index is less 
than 200 pollution dispersal is “very poor” and weather 
conditions are such that air pollution potential is high. The 
month with the lowest average clearing index occurred during 
the winter the mill was closed 1 The average clearing index for 
the winter period of December-February for 1985/86, 1986/ 
87, and 1987/88 was 388 ; 345, and 367, respectively, and the 
number of diys when the index was below 200 for the same 
time periodk equalled 47,54, and 47, respectively. 32 Based on 
this index the air was relatively more stagnant and had higher 
air pollution potential during the winter when the mill I was 
shut down than the previous or following winters. 

Table 2 presents comparisons of hospital admissions be- 


TABLE1—Comparison* of Monthly Average Number ofiHoapKal Inpatient Admit*ions for Utah Valley Regional Medical Center and American Forfc Hospital 
across Months with Different Levels of PM, 0 * 


Months Included 

Number i 
of Months 
inducted 

Mean 

PM 10 
Leva! foe 
Mbrrths 
Included 

Mean High 
PM 10 Level 
tor Months 
Included 

Bronchitis 
and Asthma 
Ages 0-17 

Bronchitis 
and Asthma 
Age 18+ 

Simple 
Pneumonia 
and Pleurisy 
Age 0-17 

Simple 
Pneumonia 
and Pleurisy 
Age 18+ 

Subtotal 
Ages 0-17* 

Subtotal 
Age 18+* 

TOTAL* 

ARmonths 

35 

45.8 

94.7 

12.5 

17.5 

12:0 1 

227 

245 

40.2 

647 



(4.3) 

(11.9) 

(L6) 

0-0) 

0.5) 

0-6) 

(28) 

(23) 

(4:5) 

Months when 24-hour 

31 

37.5 

72.3 

10.5 

169 

9.9 

21.4 

20 4 

38.3 

58 6: 

PM te < 150 i*g/m 3 


( 116 ) 

(4 4) 

(1-2) 

CIO) 


0-3) 

(1.9) 

(20) 

(35): 

Months when 24-hour 

4 

1103 

268 5 

27.8 

223 

283 

33.0 

5610 

553 

1113 

PM, 0 >150 ftgfm 3 


(55) 

P5.0) 

(6 7) 

(29) 

(4,6). 

(81) 

(11.1) 

(TOO) 

(1410) 

Months when mean 

27 

35.1 

68.7 

10.1 

16 5 

10:2 

196 

203 

363 

56 7 

PM I0 < 50 n.g/m 3 


(1.3) 

(46) 

(1-3) 

0-1) 

0.2) 

(1-2) 

(21) 

(2 0) 

(39): 

Months when imean * 

B 

620 

1825 

20.4 

20.8 

18:0 

32.5 

3814 

$33 

91.6 

PM 10 t SO ifO/m 3 


(110) 

(36 4) 

(4-4) 

(18) 

(45) 

(39) 

(BJ5). 

(51) 

(103): 


^Standard wron ai iff* rr*an* tn pr*$ent#d In par*ntfw**s. 
*Tot*l m*y nol mm up txtcOy du* to rounding amor. 
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tween fall and winter periods when the steel mill was open, 
closed, and reopened. During the winter months from Decem¬ 
ber to February, hospital admissions for childrtn were approx¬ 
imately three times as high when the steel mill was open than 
when it was: closed 1 Even during the Fall months (September- 
Novembw} when no exceedances for the 24-hour primary 
health standard!occurred! children admissions for bronchitis 
and asthma were approximately twice as high when the steel 
mill was open. Adult hospital admissions were not as obviously 
associated with the reductions of PM* 0 that accompanied the 
clbsure of the steel imiU. There was, however, a notable increase 
in adult admissions foDowing the reopening of the miill. 

Regression Analysis 

The results of some of the regression models are pre¬ 
sented in Table 31 Model 11 regresses total monthly hospital 
admissions for pneumonia, pleurisy, bronchitis, and asthma 
on current and lagged PM ]0 levels. All lagged variables 
simply refer to the previous month’s value. The results 
demonstrate a strong correlation between admissions and 
PM,p, In fact, 59 per cent of the variance in monthly 
admissions for these respiratory illnesses is explained by 
current and lagged monthly mean PM I0 levels alone. 

In i Model 2, current and lagged mean low temperature 
variables were also included. This relatively simple linear model 
with only PM I0 and temperature variables explains 83 per cent 
of the variance in total hospital admissions for these respiratory 
illnesses. The correlation between mean PM I0 levels, mean low 
temperatures and hospital admissions is particularly striking 
when actual admissions and estimated admissions based on 
Model 2are pl6tted together over rime (Figure 3). Models 3-14 
repeat the analysis done in Models 1 and 2 for total adult 
adhussions, total children admissions, adult admissions for 
pneumonia and pleurisy,, children admissions for pneumonia 
and pkurisy, adult admissions for bronchitis and asthma, and 
children admissions for bronchitis and asthma* 

Autoconelated errors exist with some of the models, 
particularly those with only PM, 0 leveli as independent 
variables. This autocorrelationi however, is largely elimit 
nated when weather variables are included. For example, the 
Durbin-Watson D statistic is 1.0 for Model 1 and 1.6 for 
Model! 2. It is 1.3 for Model 3 and 2.0 for Model 41 There is 
also collinearity between FM 10 levels and temperature. The 
correlation coefficient between the mean low temperature 
and monthly mean PM, 0 levels equals -0.32. This collinear^ 


ity complicates the analysis and makes specific best point 
estimators of the correlation coefficients difficult to estimate. 
However, Model 2 was reesrimated using a nonlinear quasi- 
Newton iterative procedure which gave identical regression 
coefficients with somewhat smaller standard-errors. 

Numerous other regression models were estimated that 
included snowfall, rainfall, evaporation* monthly mean tem¬ 
peratures, and mean high temperatures. The weather variable 
that was consistently most highly correlated with admissions 
was the mean low temperature. Regressions that used PM, 0 
levels lagged for two months, and dummy variables that 
indicated the opening and closing of the steel mill and 
inversion seasons were also tried. Even with the inclusion of 
these other variables* strong, positive, correlations between 
hospital admissions and PM^ 0 levels remained. Regression 
models were also estimated with monthly 244»our high PM I0 
levels used as independent variables. The results were similar 
to those in Models 1-14 as presented in Table 3* but 244iour 
high PM,o levels were generally not as strongly correlated 
with admissions as were the mean PM l0 values** 

Analysis with Control Variables 

Neither comparative analysis nor regression analysis 
revealed any associations between the control variables and 
PM 10 levels or the closing and reopening of the steel mill. 
“All-other” admissions that excluded in-county admissions 
for pneumonia, pleurisy, bronchitis, and asthma averaged 
1,562 per month and appeared to be declining slightly over the 
study period. No seasonal variability nor any association 
with PM,o levels or the closing and reopening of the mill was 
observed. Monthly “all-other” admissions regressed on 
PM )0 levels and temperature variables (Models 15 and 16 in 
Table 3) showed no significant correlation with PMlevels. 

Out-of-county hospital!admissions to Utah Valley Re¬ 
gional Mtdical Center and admissions to Mountain View 
Hospital in Payson were regressed on PM, 0 levels and 
temperature variables. Models 17 and 18 in Table 3 present 
the results of the regressions for total out-of-county admis¬ 
sions for pneumonia, pleurisy, bronchitis, and asthma. The 
same regressions were also run on out-ofi-county and Moun¬ 
tain View Hospital with admissions broken down by adults, 
children, and respiratory illnesses, as done in Models 1-14. 


‘Data available upon inquest to author. 


TABLE 2—Comparisons of Hospital InpaiJant Admissions tor Utah Valley Regional Medical Center and American Fork Hospital acrosa Tlcna Periods wWv 
Geneva Steel Mill Open and Closed 


Year 

Steel 

Min 

Open? 

Mean 
PM 10 
Level lor 
Months 
Included 

Mean High 
PM,o Level 
for Months 
included 

Bronchitis Bronchitis 

and Asthma and Asthma 
Ages 0-17 Age 18+ 

Simple 
Pneumonia 
and Pleurisy 
Ages 0-17 

Simple 
Pneumonia 
and Pleurisy 

Age 18+ 

Subtotal 
Ages 0-17 

Subtotal 

Age 18+ 

TOTAL 





Winter Mdnths (pecember-February) 





1985/86 

yes 

90 

235 

78 75 

76 

73 

154 

148 

302 

1986/87 

no 

51 

96 

23 67 

32 

83 

55 

150 

205 

1987/88 

yes 

64 

177 

78 65 

71 

126 

149 

191 

340 





Fail Months (September-November) 





1985 

yes 

35 

63 

49 46 

20 

51 

69 

97 

166 

1986 

no 

31 

47 

23 48 

25 

60 

48 

1D8 

156 

1987 

yes 

47 

63 

55 46 

24 

66 

79 

112 

191 





Fa« and Wtrear (Septembar-Fabruary) 





1985 86 

yes 

63 

149 

127 121 

96 

124 

223 

245 

466 

198687 

no 

41 

71 

46 115 

57 

143 

103 

258! 

361 

1987/86 

yes 

66 

130 

133 111 

95 

192 

228 

303i 

531 
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TABLE 3—Sample Results of Multiple Re gr e ss ion Analysis 


Model 

Dependent 

Variable: 

Monthly 

Admissions 


Regression Coefficients* 


R 2 

Constant 

PM 10 Mean 

Lagged 

PM,o Mean 

Low 

Temperature 

Lagged Low 
Temperature 

1 

Total 

21.16 

0357 

0.599 

— 

— • 

59 



(7.1) 

C14) 

(.15); 




2 

Total 

95.54 

0119 

0.339 

-0.351 

-0:929 

53 



(12.8) 

Ml) 

Mi) 

(-30) 

(J31) 


3 

Total Adult 

25 31 

0.150 

0.175 

— 

— • 

36 



(4.9) 

(.09) 

(.10) 




4 

Total Adult 

73,65 

-0J016 

0.017 

-0.347 

-0486 

.64 



(9.4) 

(06) 

(.08) 

(32) 

(123) 


5 

Total Child 

—4.14 

0307 

0.425 

— 

— 

.67 



(4.0) 

(06) 

(.06) 




6 

Total Child 

21.B9 

0135 

0.321 

-0.004 

-0443 

.75 



(9.7) 

(-106) 

(.08) 

<^3) 

(124) 


7 

PiVPl Adult 

14.57 

0J139 

0.034 

— 

—. 

.19 



(35) 

(.07) 

(.07) 




6 

Pn/Pl Adult 

46.84 

0.020 

-0.063 

-0.305 

-0.252 

.54 



(7 3) 

(06) 

(.06) 

(17) 

(118) 


9 

Pn/Pl Child 

-1,50 

0.112 

0183 

— 

— 

53 



(2.5) 

(05) 

(.05) 




10 

PiVPl Child 

1549 

0.086 

0.095 

0.196 

-0:487 

.72 



(53) 

(.04) 

(-05) 

M3) 

(113) 


11 

Br/As Adult 

1074 

0.0111 

0140 

.— 

— 

.36 



(2 0) 

(.04) 

(-04)! 




12 

Br/As Adult 

26.81 

-0.037 

0061 

-0.042 

-0:234 

59 



(4.3) 

(.04) 

(04)1 

M0) 

(111) 


13 

Br/As Child 

-2.63 

0.094 

-0.241 

<— 

— 

.60 



(2.5) 

(.05) 

(-05)1 




14 

Br/As Child 

6.40 

0.049 

0.226 

-0.201 

0J044 

64 



(6 5) 

(.05) 

(.06) 

MS) 

(.16) 


15 

Ail-Other 

1586 

-0.050 

-0604 

— 

— 

.02 



(46) 

(-9) 

(110) 




16 

All-Other 

1482 

0.840 

-0.798 

5.904 

-4,069 

.15 



(120) 

(1.0) 

(110) 

(2.8) 

(2:9) 


17 

Out-of-County 

15.09 

-0.047 

-0.006 

0.123 

-0:264 

.43 


Total 

(29) 

(02) 

(03) 

(.07) 

(107) 


IB 

Mountain View 

33.38 

-0.013 

-0.041 

0.073 

-0474 

.46 


Total 

(68) 

(05) 

(06)i 

M6) 

M6) 



•The sbsoU/ts vmJo# of ihe standard emxs « provided in parentheses 
Pn/Pt- poeumoma/pieunsy 
Br/As - bronchfes/atfhma 


Although Pay son is located in the county and should be 
similarly influenced by contagious illness, it is over 32 
kilometers from the major sources of pollution and should not 
be as influenced by monitored levels of PM 10 . 

The regressions using out-of-county and Mountain View 
Hospital admissions are limited by the fact that only about 15 
per cent of Utah Valley Regional Medical Center admissions 
are out-of-county, and Mountain View Hospital’s data are 
missing for the months of October, November, and Decem¬ 
ber of 1986. The results indicated that there was significant 
correlation between the mean low temperature lagged vaiv 
able similar to those in the earlier regressions. There was no 
positive correlation between out-of-county or Mountain 
View Hospital admissions and PM I0 levels, however. 

Discussion 

The results indicated that hospital admissions for respira¬ 
tory illnesses were strongly associated with PM 10 levels, This 
association is much stronger for children than adults, and 
somewhat stronger for bronchitis and asthma than for pneu- 
monia and pleurisy: These associations were particularly strong 
with monthly lagged variables suggesting that the health effects 
of particulate pollution are cumulative and that it takes time 
before they are manifested in inpatient hospital admissions data. 



FIGURE 3—Actual and Estimated HospJlaJ Admissions, April IMS through 
Jinoary IMS, Utah Valky 
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Also, increased admissions for children are observed even for 
months when PM, 0 did not exceed 150 |ig/m\ suggesting that 
this standard may not be adequate protection for some children. 

T here are several concerns about these observations. One 
concern is that if increases in contagious illnesses such as 
influenza by chance coincided with periods of high PM l0 levels, 
particularly during the winters when the steel mill was open, 
then the observed correlation between PM I0 and admissions 
may be spurious. It would be expected, however, that if this 
were the case , the same correlation would be found in hospital 
admissions from neighboring counties or communities unaf¬ 
fected by Utah Valley's principal sources of pollution. No such 
correlation was found for out-of-county admissions to Utah 
Valley Regional Medical Center or to Mountain View Hospital 
in nearby Payson. Nor was such correlation found between 
PM , 0 levels and non-respiratory hospital admissions. 

Another concern is that often levels of several air 
pollutants rise and fall in concert PM 10 may be a surrogate 
for other air pollutants with which it is temporarily associ¬ 
ated. Two pollutants that may have had similar impacts on 
respiratory illnesses during the study period are total sus¬ 
pended particulates and ozone. Because PM,o measures only 
relatively small particles of particulate pollution, and because 
it is the smaller particles that are expected to pose the greatest 
health risks* it is considered the most appropriate measure of 
particulate pollution as it relates to respiratory health. 1 
Regression models estimated with monthly mean total sus¬ 
pended! particulate levels used as independent variables 
yielded results similar to Modelk 1-14 presented in Table 3 
which used PM I0 , The correlations between admissions and 
total suspended particulates were generally not as strong as 
those between admissions and PM 10 . 

There was no evidence that suggested that PM, 0 was 
serving as a surrogate for ozone pollution. The only times 
ozone pollution in Utah Valley rose to levels of any conse¬ 
quence was in the summer months during hot sunny days, 
whereas the periods of high levels of PM, 0 and hospital 
admissions for respiratory illness occurred mostly during the 
wintermonths whenthe steel mill was in operation. The results 
of this study suggest that the dominant pollution in terms of its 
impact on respiratory health in Utah Valley is particulate 
pollution and that PM l0 is a better indicator than TSP. 

Finally, the association between respiratory illness and 
particulate pollution found in this stud yis relatively large as 
compared with some previous studies. 22,33 This relatively 
strong association can be explained in part because PM, 0 is 
a better indicator of particulate pollution as it relates to 
respiratory health than previously used indicators. 1 Also, 
because Utah Valley experiences relatively high leveb of 
particulate pollution, yet has an extremely low portion of its 
population that smoke, particulate pollution is likely a rela¬ 
tively large contributor to respiratory disease in the county. 
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PANEL DISCUSSION: 
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James A. Merchant, M.D Panel Chairman 
PANELISTS: 

Sandra Eberie, US Consumer Products Safety Commission 
Richard W. Gorman, National Institute for Occupational 
Safety and Health 
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George S. Malinrfzak, Ph.D., National Institute of En¬ 
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David H. Mudarri, Ph.D., US Environmental Protection 
Agency 

Susan X* Rose, Ph.D., US Department of Energy 
10:45 a.m. to 1 1:00 a.m: BREAK 

foyer 
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TECHNICAL SESSION: 

POLUTANTS/HEALTH EFFECTS 

Aviary Ballroom 
Dean Baker. M.D., Session Chairman 

Sick Building S> ndrome Traced to Excessive Total Suspended 
Particulates (TSP): 

'C MV Armstrong. M.D., F.A.C.P. 
t. C Sbtrtru, Ph.D. 

C. C UewHIvn, Ph.D., Virginia Department of Health, Rich¬ 
mond, Virginia 

An epidemiologic and environmental investigation into the air 
quality of a high-rise, public office building was conducted in July, 
1988: A walkthrough inspection revealed particulite (dusi) soil¬ 
ing of ceiling and work surfaces, in occupied sections of the ser¬ 
vice fiber. Building air samples obtained by high-volume air 
pumps and cassette filters mealed elated concert (rations of total 
suspended particulates (TSP) which ranged up to LOT mg/m' 
(over I? times the Building Officials and Code Administrators 
(BOCA) standard]. In 17 (59**) of the 29 areas tested, TSP levels 
exceeded the BOCA standard of <0:06 mg/m’(annual average). 
Recorded temporalures, relative humidity readings, and supply of 
outside air were within acceptable limits. Testing for volatile 
organic compounds, combustion products, formaldehyde, ozone, 
a nd fungal spores revealed ho levels of concern. A survey of 
occupants in selected units was conducted with 94 r « pan icipation. 
Fifty-five percent indicated that theyhad experienced symptoms 
that appeared or worsened during their working hours. Of these, 
47^i indicated thai they had missed work because of their symp¬ 


toms. Common symptoms were headache and sinus/upper 
respiratory congest ion, compatible with air contamination by TSP 
or other irritants. In multivariate analysis, illness was found to be 
significantly associated with air TSP concentration (p< 0.002)j 
CO; concentration, average number of hours worked per week, 
gender, and smoking status. This is one of very few outbreaks of 
building-related illness w here occupant illness has been associated 
with exposure to elevated levels of an environmental contaminant 
(TSP) 

Symptoms and the Micro-Environment to the Sick-Building 
Syndrome: A Cross-Sectional Investigation: 

i*MJ. Hodgson, M.D., M.P.H., University of Pittsburgh School 
of Medicine, Pittsburgh, PA 

P. Coll op v, MiE., C.I.Hi, Carnegie Mellon University, 

Pittsburgh, PA 

In a cross-seaional investigation in one building, complaints 
associated with the “sick building syndrome 4 * were measured 
on a linear analogue scale questionnaire. At the same time, the 
mtcro-environmem was characterized in the breathing zone by 
measuring temperature; relative humidity, respirable suspended 
particulates. Regression models suggested that heat load may have 
contributed to the level of complaints. 

Health Effects of Healing With Wood: Chest Illness to Y'oung 
Children and Ibdoor Heating With Woodburnlng Stoves: 

4. S. Osborne, III, Ph.D. M.P.H., Southwestern Michigan Area 
Health Education Center, Kalamazoo, Michigan; 

R. E Honirky, MlD., Michigan State University College of 
Human Medicine , East Lansing, Michigan 

This study investigated a suspected relationship between the 
occurrence of chest illness in young children and uieofwoodbum- 
ing stoves (WBS) for indoor heating. Data were prospectively 
collected during the winters of 1980; 1981, and 1982 for 62 mid- 
Michigan children age one to seven years (31 randomly seleaed 
children from WBS-heated homes and 31 controls from homes 
heated by conventional sources matched for age, sex, and place 
of residence)] The specifics priori research hypothesis were that 
the proportion of children having a chest illness would be 
significantly greater in the WB5-groupihan inihe control group, 
that a greater proponton of WBS-group children would have chest 
illnesses lasting at least one week, and that a greater proportion 
of WBS- group children would be hospitalized before age two years 
for chest illness. 

Results showed a significant difference (p<0.05) between the WBS 
and control groups in the proportion of children having a chest 
illness from 1980-82 (especially bronchitis, upper respiratory 
infection, and pneumonia); 39*a of the WB5-groupand I9** of 
controls had at least one such illness. Further, the WBS-group had 
a greater proportion of chest illnesses lasting at least one week 
<32 r « vs. I6 r «) and a greater proponion of hospitalizations for 
chest illness before age two years <16^# vs. I0 r *). These differences , 

were not accounted for by medical histories, frequency of physi¬ 
cian visits, soriodemographic factors, or exposure to other sources 
of indoor air pollution investigated in the study (ix. parental 
smoking, cooking w ith gas, urea-formaldehyde foam insulation) 
and suggest that indoor heating with WBS may be a significant 
risk factor for chest illness in young children. 

The Effects of Environmental Tobacco Smoke on Arule 
Respiratory Disease: 

B. D. Ostro, Ph.D., California Public Health Foundation, 

Berkeley, California 

There are few sources of data that provide individuaMevel 
estimates of smoking status, as well as information on exposure 
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Platt, S.O., Martin, C.J., Hunt, S.M., Lewis, C.W. "Damp housing, 
mould growth, and symptomatic health state" BMJ 298: -1673-1678, 
1989. 

ABSTRACT. Ob jiective-To examine the relation between damp and mould 
growth and symptomatic ill health. 

Design-Cross-sectional study of random sample of 
households containing children; separate and independent assessments 
of housing conditions (by surveyor) and health (structured interview 
by trained researcher):. 

Setting-Subjects' homes (in selected areas of public 
housing, in Glasgow, Edinburgh, and London). 

Subjects-Adult respondents (94% women) and 1169 children 
living in 597 households. 

End point s-Specific health symptoms and general 
evaluation of health among respondents and children over two weeks 
before interview; and score on general health questionnaire (only 
respondents). 

Measurements and main results-Damp was found in 184' 
(30.8%) dwellings and actual mould growth in 274 (45.9%). Adult 
respondents living in damp and mouldy dwellings were likely to 
report more symptoms overall, including nausea and vomiting, blocked 
nose, breathlessness, backache, fainting, and badi nerves, than 
respondents in dry dwellings. Children living in damp and mouldy 
dwellings had a greater prevalence of respiratory symptoms (wheeze, 
sore throat, runny nose) and headaches and fever compared with' 
those living in dry dwellings. The mean number of symptoms was 
higher in damp and mouldy houses and positively associated with 
increasing severity of dampness and mould (dose response relation). 
All these differences persisted after controlling for possible 
confounding factors such as household income, cigarette smoking, 
undemployment, andi overcrowding. Other possible sources of bias 
that might invalidate the assumption of a causal link between 
housing conditions and ill health-namely, investigator bias, 
respondent bias, and selection bias-were also considered and ruled 
out. 

Conclusion-Damp and mouldy living conditions have an 
adverse effect on symptomatic health, particularly among children. 
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work.* 

Widespread administration of anti-D immuno¬ 
globulin antenataUy in this regimen would i not be 
possible at present because of limited supply from 
a decreasing pool of immunised donors. Immuno¬ 
globulin produced by genetic engineering, however, 
may be available soon, and trials are planned to study 
the effectiveness of even lower doses. 

When studying a treatment regimen for any side 
effects it is important to avoid the bias created by 
considering only untoward consequences- Unexpected 
benefits are also possible, and we paid particular 
attention to any effects anti-D immunoglobulin may 
have had on the incidence of hypertensive disease 
suchi as pre-eclampsia. Some evidence suggests that 
previous blood transfusions may reduce the inci+ 
dence, 1 ' and possibly some blood products alio do so. 
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Damp housing, mould growth, and symptomatic health state 


Stephen D Platt, Claudia J Martin, Sonja M Hunt, Chris W Lewis 


Abstract 

Objective—To examine the relation between 
damp and mould growth and symptomatic ill health. 

Design— Cross-sectional study of random sample 
of households containing children; separate and 
independent assessments of housing conditions (by 
surveyor) and health (structured interview by trained 
researcher). 

Set ring—Subjects* homes (in selected areas of 
public housing in Glasgow, Edinburgh, and London). 

Subjects —Adult respondents (94% women) and 
1169 children living in 597 households. 

End points —Specific health symptoms and 
general evaluation of health among respondents and 
children over two weeks before interview; and score 
on general health questionnaire (only respondents). 

Measurements and main results —Damp was 
found in 184 (30-8%) dwellings and actual mould 
growth in 274 (45-9%). Adult respondents living in 
damp and mouldy dwellings were likely to report 
more symptoms overall, including nausea and 
vomiting, blocked nose, breathlessness, backache^ 
fainting, and bad nerves, than respondents in dry 
dwellings. Children living in damp and mouldy 
dwellings had a greater prevalence of respiratory 
symptoms (wheeze, sore throaty runny nose) and 
headaches and fever compared with those living in 
dry dwellings. The mean number of symptoms was 
higher in damp and mouldy houses and positively 
associated with increasing severity of dampness and 
mould (dose response relation). All these differences 
persisted after controlling for possible confounding 
factors such as household income, cigarette 
smoking, unemployment* and overcrowding. Other 
possible sources of bias that might invalidate the 
assumption of a causal link between housing con¬ 
ditions and ill health ^namely, investigator bias, 
respondent bias, and selection bias^werc also con¬ 
sidered land ruled out. 

Conelus ion—Damp and mouldy living conditions 


have an adverse effect on symptomatic health, 
particularly among children. 


Introduction 

Showing a direct reUtion between damp housing 
and ill health is by no means straightforward. Firstly, 
those living in the worst housing conditions are likely 
to be experiencing other forms of adversity, such as 
low income and unemployment. Secondly, personal I 
behaviour may also pliy a part in the causation of illl 
health. An equally important methodological concern 
is the process of the dita collection itself. If informa¬ 
tion about health and housing conditions is elicited in 
the same interview respondents may exaggerate the 
prevalence of problems, leading to a spurious assocta* 
lion between the two phenomena. Moreover, the 
researchers themselves may influence reporting. 

In 1986 we carried out a preliminary study in Edin¬ 
burgh, which attempted to overcome these methodo¬ 
logical difficulties by using a double blind research 
design: 1 Children living in damp houses, particularly 
where there was also mould growth, were reported to 
have higher rates of respiratory and gastrointestinal 
symptoms, aches and pains, and fever than children 
in dry dwellings. These differences could not be 
attributed to smoking or differences between damp 
and dry households regarding unemployment^ income, 
overcrowding, or duration of tenancy . The numbers of 
households that incliided a child I was not targe enough 
(in= 101), however, to permit a full analysis of the role 
of other possible confounding variables. Accordingly, 
we carried out a larger scale, more detailed investiga¬ 
tion. 


Subjects and methods 

The study was conducted in three major cities: 
Edinburgh, Glasgow, and London. Within eachicity 
discrete geographical areas of public housing were 
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identified in which (a) families with young children 
predominated; (b) the prevalence of damp housing was 
thought to be in the range of 25-50% of total dwellings; 
(c) socioeconomic state was likely to be fairly homo¬ 
geneous; and (if) i types of housing and structures of 
buildings, including any renovations, could be clearly 
specified 1 Two sites were chosen in Edinburgh; two in 
Glasgow, and one in London. Tenants’ groups were 
contacted and their cooperation elicited. Lists of 
addresses at the chosen sites were obtained from the 
relevant housing departments. The intention was 
to achieve a sample of 500 eligible households in 
Edinburgh and in Glasgow andi 200 in London. A 
random sample of addresses was drawn according to 
the total number of dwellings in the area. 

Only those households with at least one child aged 
under 16 were eligible for inclusion in the study: As 
official statistics on the exact location of families with 
young children were not available the sample was 
identified in two ways: (a) at the time of the main health 
interview (see below) the interviewers identified suit¬ 
able families by contacting each dwelling on the list; 
and (fc) i in two ofi the sites members of the tenants' 
association identified addresses on the list containing 
families who met the study criteria. 

Two surveyors carried out an assessment of damp¬ 
ness (severity and type) and mould (severity and 
location) and details of the structure of the dwelling. 
Using an air sampler (Surface Air Systems) they 
extracted air samples from rooms and, where visible 
mould growth was present; a sample from each 
affected I room was collected. A microbiolbgist esti¬ 
mated spore counts from the air samples and identified 
the fungi from air and walls when possible. 

We devised and pretested two survey forms. The 
form fbr the house conditions survey contained items 
on type of building, location; number of rooms, 
dampness, mould, ventilation, insulation, and reno* 
vations. The health survey was a revised version of that 
used by Martin et al:\ In the course of a structured 
interview the respondent (whenever possible the 
female householder) answered detailed questions 
about her own and her children’s health during the past 
tw o weeks; smoking by all adults and children; type of 
heating, washing, and drying facilities; presence of 
pets; economic activity and occupation of all adults 
in the household; household income; and housing 
conditions and facilities. 

The study was carried out during February-ApriJ 
1988. Once the health interview had been completed 
the surveyors were instructed to visit the dwelling. The 
petri dishes containing air and w-all mould samples 
were taken each day to the University of Strathdydfc, 
where they were refrigerated and cultured. Air spore 
counts were calculated and fungi identified when 
possible. The surveyors and the microbiolbgist were 
blind to each other’s findings and also to the findings of 
the health survey team. 

We used four categorical independent variables re¬ 
lating to housing conditions. Household^ that received 
a house conditions survey were classified into three 
groups: those where there was no objective evidence of 
dampness or mould growth (dry), those with only 
damp; and those with mould (whether or not dampness 
was also present). The overall dampness in the house¬ 
hold was calculated by averaging the score for each 
bedroom, sitting room; and kitchen on a four point 
scale of severity (0=none, 3-severe). Households in 
which the average dampness score exceeded zero 
(no dampness whatsoever) were divided into: three 
approximately equal sized groups labelled mild (score 
ranging between 0<0! and 0 52), moderate (0 53 to 
11-05), and severe (>106). A similar procedure was 
adopted to divide household i into four groups differ¬ 
ing in average severity of mould (none, mild (0 01 to 


0-451, moderate (0 46 toO 77;, andiseveret>0 78;/. 

The spore concentration per m J air was measured in 
the kitchen, living room, and bedrooms of households 
in Edinburgh and Glasgow visited by the surveyors. 
On the basis of preliminary work in Edinburgh n'Bi 
Flanagan and C A Hunter, unpublished data) and 1 
eliewhere ^ we devised a five point scale coded 1 to 5 ,: 
low (^100 viable spores/m' air), medium 1-300,, 
high {301-1000;; very high (1001-5000,, and extremely 
high {>5000;. The household spore concentration was 
the mean score on the scale per available room A new 
variable was created by dividing this mean score into 
three groups: low (scoring; 1),,medium (101 to 2 00,, 
and high {>2). 

To ensure that the relation between housing con¬ 
ditions and ill health was not invalidated by covariation 
with other variables several possible confounding 
factors were also examined,, particularly cigarette 
smoking in the household (no/yes), respondents’ cigar¬ 
ette smoking (no/yes), net household income (above 
median (£80;/below median); overcrowding (less than/ 
more than 15 people per room), employment in the 
household (somebody empldycd/nobody employed), 
and employment state of the respondent (employed/ 
unempldyed, no paid employment): 

The respondent was asked to report on the presence 
of; 16 specific symptoms seen in the past two weeks in 
any child (aged 0-15) living in the household. We 
devised two summary symptom scores relating to 
children: the unadjusted score being the total number 
of symptoms among all children in the household and 
the adjusted score being the total of symptoms divided 
by the number of children—that is, the mean number 
of symptoms per child. Another summary- dependent: 
variable for children was the mean score on health 
evaluation derived from the respondent’s general 
evaluation of each child on a scale of 1 (excellent) to 5 
(very poor). The respondent was also asked to report 
whether she had suffered from any of 17 specific symp¬ 
toms over the past fortnight. A summary 1 symptom 
score yas merely the sum of individual symptoms. In 
addition; the respondent was asked to rate her general 
health on the same five point scale used for children 
and to complete the 30 item general I health question¬ 
naire' (range 0-30), here used as a general indicator of 
psychological distress. Finally, we inquired I about 
medical treatment for symptoms and the presence of 
a recurrent or longstanding illness among both re¬ 
spondents and children. 

Univariate analyses of the relation between each: 
independent variable and dependent variables were 
carried out with yj tests (categorical variables) or one 
w-ay analysis of variance (metric variables). Subse¬ 
quently, multivariate analyses were performed to 
examine the association between housing conditions 
andill health after controlling for possible confounding 
factors. When the response variable was binary/ 
categorical Iwe used logistic linear regression analysis 6 ; 
for metric response variables we used analysis of 
covariance.* The extent of any dbse-response relation 
between severity of dkmpness, mould growth, and air 
spore concentration and health was assessed by means 
of tau c (categorical variables) and the Pearson 
correlation coefficient (metric variables). Identicali 
results were obtained w-ith respect to metric variables 
transformed to base 10 logarithms. Only original 
valOes are reported below. 

On the basis of previous work we expected to find a 
distinct effect of adverse housing conditions on respira¬ 
tory and gastrointestinal symptoms in children and on 
emotional distress in adults. Evidence of a dose 
response relation wias considered to be particularly 
relevant in assessing the likelihood of a causal impact of 
dampness and mould on symptomatic health. 

For the purposes of this report the results from 
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Edinburgh, Glasgow, and London have been com* 
bined. (Although the prevalence of damp and mould 
varied in each city, there were no pronounced diffeir 
ences in the association between housing conditions 
and symptomatic health state between cities,) 

Results 

RATES OF RESPONSE 

Of 1220 households with children eligible for incUi- 
sion in the study , a health interview was secured in 891 
(73-0%); 156 (12-8%) respondents refused to be inter¬ 
viewed! and 173 (14-2%) could not be contacted. 
Surveyors completed their investigations of housing 
conditions in 597 households, constituting 48 9% of 
eligible households and 67*0% of those who had the 
health interview. A comparison between surveyed 
(n=597) and non-sunveyed (n=294) households 
showed no differences in sociodemographic charac¬ 
teristics, such as gender , marital state, household size 
(including number of children), social class, and 
overcrowding, or regarding disposable income, cigar¬ 
ette smoking, length of time at current address, 
presence of pets, or self-reported damp or mould. The 
only significant difference concerned employment: 
131 (22%) respondents in surveyed households were 
employed compared with 100 (34%) respondents in 
non-surveved households (y : = 12 54, df= 1, p<0*001); 
corresponding figures for any adult in employment 
were 257 (43%) and 156 (53%), respectively (x : = 7 *55, 
df=l,p<0-01). 

All, subsequent analyses were based on the 597 
households, containing 1169 children, that receivedl 
both a housing survey and a health interview, 

COMPARISON OF THREE HOUSING CONDITIONS GROUPS 

Out of the 597 households, only 184 (30-8%) were 
free from damp or mould (dry). In 139 (23*3%) 
households surveyors found evidence of damp and in 
274 (45*9%, of which all but nine were also damp) 
actual mould growth was visible. The three housing 
conditions groups (dty, only clamps mouldy); were 
compared for descriptive purposes on a number of 
background (sociodtmographic and other) variables. 
(It was, of course, recognised that a variable could 
act as a confounder even if it did not differentiate 
significantly between groups.) Only one significant 
difference emerged: respondents living in dry house¬ 
holds had been living an average of 5^9 (SD 4*9) years 
at the address compared with 4-8 (4T);years among 
respondents in damp houses and 6*4 (5* 5) years among 


table l—Respondent's health during past two weeks &>■ housing conditions „ Figures are numbers 
<percentages :< unless stated otherwise 


Symptwn 


Housing conditions 

Significance 

No damp 
or mould 
n *184- 

Damp only 
in* 139 

Mould 

n*274, 

i. 

Degrees 

of 

freedom 

P 

Value 

Tirednew 


76 4| 3- 

Mi 50*0 

141-51 5>: 

*u 

2 

0 089 

High hkxid pressure 


9 4 9) 

7(5 1; 

22,8-0. 

2 33 

2 

0312 

Perwutnt cough 


30; 16-3); 

27 1194) 

64l2J 41- 

347. 

2 

0 177 

Bad nerves 


JC190/, 

31 .22 3 > 

80 29-2; 

662 

2 

0 036 

Wheezing 


19 10:3* 

17 r 12 2 1 

37(13 6, 

107 

2 

0-587 

Aching mms 


28 15-2.1 

23.il* 5 1 

65 23H7V 

605 

2 

0 049 

Skin, problems 


:t> i4 i 

23 16 5 

43 157:- 

0 39 

2 

0 825 

PcrMMcnt headiiturs 


49 26 6 

4 3 30 9 

7.5.274, 

0 82 

2 

0 664 

Nauwa-sumn ing 


7‘.3'8 

9-6 5, 

27 9 9, 

677 

2 

0 046 

Backache 


41; 22 3 

48 34.5, 

81:29 6, 

6 13 

2 

0 047 

Blinked mo** 


2? 13 6, 

18 129 

58 21 2 

6,53 

2 

0 0 38, 

Pal pita i, ions 


8 4 3 

9 6 5, 

22 8 0 

2 44 

2 

0 295 

kainimg , 


3 16 

12-8 6 

17. 6 2 

8 37 

2 

0H015 

Diarrhea 


5 2-7 

9-6 5 

19 6 9. 

4 06 

2 

0 131, 

Constipation, 


13 6 0 

8 1 58 r 

33,12 0; 

7 08 

2 

0 029 

BtcaiKlrv»nrss 


19 10 3 

24il7-3; i 

51 186) 

6,01 

2 

0 049 

Feeling depressed i 


s:i .27'7, 

47,. 33 8 i 

104 38 o:- 

5 15 

2 

0 076 

Any symptom 


1*4,71 3i 

Il3f8l 3 

217:792,1 

04* 

2 

0 795 

Mean SD Nonfsvm^ums 


2 40 2 37, 

305 ;J 0l!> 

343.3125; 

F*6 67 

2.594 

0001 

Mean SD' health evaluation score 


2 4| 0 93 

2 49 0 99 

2 66 0 9 7. 

F= 4 09 

2.594 

0 017 

Mean SID general health quL'Ui-.nnjii 


' 74 7 12 

6 87 7 78 

7 20 835 

¥ =1-92 

2.58,3 

0 148. 
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respondents in mouldy houses (F = 4 L 35, df= 2,584,, 
p<0 02); only the difference between damp and 
mouldy houses was significant (Scheffe test, p<0-05). 
Housing groups did not differ in number of children 
(mean (SD) 2 l G (1*0)), total number of household 
members (3 8(1-2)), respondent’s gender (559(93-6%) 
women), respondent’s marital state (384 1 (64-3%) 
married), net household income (293 (49*0%) under 
£80 per weekrespondent’s smoking (415, (69-5%)), 
any smoker in household (476 (79 7%)), respondent 
employed (136 (22 ■8%)), any household member 
employed (259 (43-4%))^ overcrowding (109(18-3%)), 
presence of pets (269 (45*1%)), tenure of last house 
(465 (77 9%) council dwelling), reasons for moving 
from last dwelling (90 (15 0%) because of dampness;, 
247 (41 4% ) because of other problems with the house; 
26 (4-3%) for health reasons)* and use of Cal or gas 
heating (81(13 5%)). Respondents in mouldy house¬ 
holds, however, reported I more problems apart from 
the damp (especially noise, poor repair, and cold) than 


respondents in damp or dry households. (Mean (SD) 
problems 2‘7 (1*5), 2*5 (1*6), and 2 2 (1*6), respec¬ 
tively; F= 50, df=2,594; p<0-01). In particular, the 
prevalence of cold as a problem was reported in 
222 (81%), 100 (72%), and 114 (62%) households, 
respectively; y; = 20-4, df=2, p<0 001). 

HOUSING CONDITIONS AND RESPONDENT’S HEALTH 

Table l shows the- relktion between prevalence of 
symptoms in the respondent and housing conditions. 
Significant differences between groups were found 
regarding bad nerves, aching joints, nausea and 
vomiting, backache, blocked nose, fainting spells, 
constipation, and breathlessness. The lowest propor¬ 
tion reporting symptoms was found in dry households; 
with only one exception (fainting spelli) the highest 
proportion was found in mouldy households* Al¬ 
though housing conditions were unrelated to the 
presence of any particular symptom, there was a 
significant variation in the total number of symptoms 
and in the respondent’s evaluation of her health: In 
particular, those living in mouldy houses scored 
significantly higher than those living in dry conditions 
(Scheffe test, p<0 05). The general health question* 
naire score was not related to housing conditions 
(table I). 

Preliminary univariate analyses had shown that 
only two ofi the possible confounding variables (re¬ 
spondents economic position and cigarette smoking) 
were significantly associated with the presence or 
absence of individual symptoms. We therefore under¬ 
took a series of logistic regression analyses in which 
the dependent variables were the eight symptoms 
previously shown to be significantly associated with 
housing conditions. After controlling for the respond¬ 
ent’s economic position and cigarette smoking these 
differences remained significant for all eight dependent 
symptom variables (problem free households always 
having the lowest proportion of respondents positive 
fOr symptoms): 

The relation between housing conditions on the one 
hand and the total number of symptoms, health 
evaluation score, and general health questionnaire 
score on the other was further examined by means of 
analyses of covariance. After we controlled for length 
of time at address, other housing problems (or cold 
alone), respondent’s economic position, respondents 
cigarette smoking, and household income housing 
conditions remained significantly associated with the 
total number of symptoms (6 ranging between 010 
and 0-14, p<0-05 to <0 005), with those living in 
mouldy households reporting most and those in dry 
households fewest symptoms. Housing conditions 
were not significantly associated with health evaluation, 
score after we controlled for other possible con- 


Source: https://www.industrydocumen 





founding variables* and the relation with the general 
health questionnaire score remained non-significant l 
W e examined the dose-response relation between 
the respondents’ symptoms and increasing severity of 
dampness, mould growth, and air spore concentration. 
Table II summarises the findings of these analyses. 

TABLE tt —Respondent's health during,past two weeks Doit-response 
relation with damp, mould, and arr spore count. Figures are tau c 
values ip values) unless stated othemw 


Symptom 

Dampness 
(Max n= 597) 

Mould growth Air spore count 
(Max n-5891 (Max 48? 

Tiredness 

0 09 (0-028 

006 r0 076 

-0 02 (0 341 

High blood pressure 

0104(0 024 

004.0 027 

0-05(0 017, 

Persistent cough 

0 09 (0 010 

004.0 110 

0 06 ,0 062 

Bid nene* 

0 O; i0 056 

0 09 0 008 

0 08,0 0)1 

Wheezing 

0 05 (0 047 

0 03'0 1251 

0 01 (0 413 

Aching K>mi* 

0 05 (0 080- 

0 07,(0 022; 

0106 tO-083 

Skin problems 

0 03 *0 209,, 

0 00 0 474. 

0106,0063, 

Persistent headaches 

0 04 :0 150 

-0 02(0 279 

-O i l (01006 

Nan sea-vomiting 

0-04 (0 0*4) 

005 (0*015): 

<W210 2 30’ 

Backache 

0-04 (0 167) 

0 02(0 332; 

0 11 (0 009, 

Blocked hose 

011(0000 

0 08(0 005; 

0 00(0451) 

Palpitations 

0-05(0 096) 

0 03(0-051) 

0 08 (0 001; 

Fun ung spells, 

0-05(0013) 

0 01(0 381- 

-0 01 (0 289 

Diarrhoea 

0 02 (0 146. 

0 02(0 109 

-0 01(0 413 

Constipation 

0 02(0 27,1) 

0 04 (0 054 

001(0414. 

Breathlessness 

0 09(0 003 

0105(0 057, 

0 08 (0 0)9; 

Feeling depressed 

0 06(0 081; 

0-08*0 026 

0 06(0 107 

Any symptom 

0 02(0 319 

-0102(0 299 

0 00 0 482) 

No of symptoms 

r «0 wro oon 

r-0 09(0 014 

r-0 08 (0 039): 

Health evaluation score 
General health 

r-0 07 (0-047; 

r-0 10(0008; 

r-005:t0 115)i 

questionnaire 

r*0i06(0 082' 

r-0 06(0 086' 

r-0 01K0 4I4) 


There was a significant tendency for increasing severity 
of dampness to be associated with a greater prevalence 
of the following symptoms: tiredness, high blood 
pressure, persistent coughs bad nerves* wheezing, 
nausea and vomiting, blocked nose, fainting spells, 
and breathlessness. The greater the extent of mould 
growth the higher the proportion of respondents 
reporting high blood pressure, bad nerves, aching 
joints, nausea and vomiting, blocked nose, and feeling 
depressed. Finally, the concentration of the air spores 
w as positively associated with high blood pressure, bad 
nerves, backache, palpitations* and breathlessness 
and negatively associated with persistent headaches. 
Overall, the total number of symptoms tended to 
increase with higher degrees of dampness and mould 
and air spore concentration, white the health evalua¬ 
tion score w as related only to severity of dampness and 
mould growth. No dose-response effect on the general 
health questionnaire score was evident. 

Respondents living in the three different housing 
conditions were compared regarding action taken 


TABLE 1U— Children's health during past two weeks by housing conditions. Figures are number 
(percentages) unless stated otherwise 


Symptom* 

Housing conditions 

Significance 

Nodirnp 
or mould 

(n= 184) 

Damp 

oolv 

(n= 139; 

Mould 

(h-274) 

r 

Degrees 
of p 

freedom Value 

Bod iK aches-pains 

23(12-5)1 

30(21 6) 

43 (15-7): 

4-90 

2 

0086 

Diarrhoea i 

34(18-5)i 

30(21-6) 

50(18-2}: 

0 73 

2 

0 694 

Wheezing 

30(16-3) 

26(18 7,i 

74 (27-0) i 

8-41 

2 

0 015 

Vomiting 

22 tl2 0) 

25(18 0; 

52(19 0) 

4 18 

2 

0124 

Sore throat 

56 ( 30 4, 

34(24 5; 

116(42-3)- 

14-99 

2 

<0-001 

ImubiJiltv 

23(12 5. 

28(20 H 

56(204) 

5-32 

2: 

0070 

Tiredness 

25(13-6) 

28(20 1!. 

48(17-5) 

2 55 

2 

0 279 

Persistec i iheadach es 

23112-5:) 

19(13 7) 

58(21 2; 

7 16 

2 

0028 

Earache 

27(1417, 

I5(10 8f 

47,(17 2; 

2 9 5 

2 

0 228 

Fever rhighi temperature 

21 (111-4) 

25(18 0) 

67,(2415!) 

12-30 

2 

0 002 

Feeling depressed- unha ppy 

20(109) 

25(18 0) 

421!5 3) 

3 45 

2 

0 178 

Temper tantrums 

37i20li) 

37 (26 6 i 

74 (27 : 0; 

3 13 

2 

0-209 

Bedwetting 

41i{22-3) 

29(20 9) 

64:(23’4) 

0 33 

2 

0 846 

Poor appetite 

31!<l6i8) 

37(266) 

68 (24 8) 

5 49 

2 

0 064 

Persistent cough 

57(31-0; 

52(3742; 

117 (42 7; 

6 45 

2 

0 040 

Runny nose 

72(39 1) 

56(40 3). 

139(50 7) 

7-43 

2 

0 024 

Any symptom 

147(79-9) 

119(85 6) 

248(90-5) 

10 41 

2 

0 006 

Mean (SD 1 No of symptoms 

3-73(3-95) 

4-39(41631 

5-44(5-19,) 

F=7-56 

2,594 

<01001 

Mean (SD) Noof symptoms per child 

2-04(1 98) 

2 46 *2'36.) 

2 86(2 43) 

F*7 23 

2,594 

<01001 

Mean (SD; health evaluation score 

2 24.(0 89, 

2 30(0191): 

241i(0 94; 

F=1 98 

2,592 

0 140 


•Symptom present »n any child living in household 


during the past two weeks to deal with symptoms and 
presence of recurrent and long-standing illness. No 
significant differences were found 1 

HOUSING CONDITIONS AND CHILDREN’S HEALTH 

Table III shows the prevalence of symptoms among 
children in the household by housing conditions 
Significant differences were found regarding w heezing , 
sore throat, persistent headache, fever and high tem¬ 
perature, persistent coogh, and runny nose The 
highest proportion reporting these symptoms was 
always found in mouldy household^;, with only one 
exception (sore throat) the lowest proportion with 
symptoms was found in the dry households. Not only 
was there a significant difference in the proportion with 
any symptom (147 (79*9%) in dry households, 119 
(85*6%) in damp houses, 248 (90i5%j. in mouldy 
houses) but the mean number of symptoms (overall 
and per child) alio differed 1 significantly and in the 
same direction. The mean child health evaluation score 
was not significantly different between groups (table 
III). 

In our preliminary univariate analyses we had noted 
that three of the possible confounding variables (over¬ 
crowding, any cigarette smoker, nobody employed; 
were significantly associated with presence or absence 
of individual (symptoms. Another set of logistic regres¬ 
sion analyses was therefore undertaken in which the 
dependent variables were the six symptoms previously 
shown to be significantly associated with housing 
conditions. After controlling for these three con¬ 
founding variables differences remained significant 
for wheezing, sore throat, persistent headache, fever 
and high temperature, runny nose, and! for any 
symptom. Only the main effect of housing conditions 
on cough was no lbnger significant. 

The relation between housing conditions on the one 
hand and mean number of symptoms and mean health 
evaluation score on the other was further examined in a 
series of analyses of covariance. As before, we took into 
account differences in the length of time at address and 
other housing problems (or cold albne). Wc also added 
a control for the number of children in the household 
and the adult's general health questionnaire score 
(included because although it did not differ signifit 
candy with housing conditions, it was correlated 
highly with both the mean number of symptoms in 
children (r=(H0, p<0 001) and mean child evaluation 
score (r=0 35, p<0*001)). Finally, we panialled out 
the effects of cigarette smoking in the household, 
unemployment^ low income, and overcrow ding. There 
was still a significant effect of housing conditions on the 
mean number of symptoms (6 ranging between ©• 10 
and 0^ 13, pcO-02 to <0 005). Children living in 
mouldy households were reported to have the highest 
number of symptoms and those living in dry* house¬ 
holds the fewest. Mean child evaluation score 
remained unrelated to housing conditions. 

Table IV shows the dOse-response relation between 
children’s symptoms and increasing severity of damp¬ 
ness, mould growth, and air spore concentrationi The 
more serious the dampness the greater the prevalence 
of bodily aches and pains, wheezing, vomiting, sore 
throat, irritability, tiredhess, persistent headache, 
fever and high temperature,, feeling depressed and 
unhappy, poor appetite, persistent cough, and runny 
nose Dampness was also associated overall with the 
presence of any symptom. The more severe the mould! 
growth the greater the likelihood of wheezing, sore 
throat, irritability, persistent headache, fever and high i 
temperature, and runny nose. Mould growth w^as also 
associated with the presence of any symptom. The 
greater the air spore concentration the greater the 
prevalence of w heezing, irritability, and fever and high 
temperature. 
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table iv—Children’s health during past two weeks, Dose-response 
relation with damp, mould , and atr spore count. Figures art tau c 
values ip values) unless staled otherwise 



Dampness 

M6uld growth 

Air spore count 

Svmptom 

(Max ;n« 597 

iMax n~ 589- 

Mix in - 4851 

BodiH aches-pains 

0 08 0 006 . 

-OOlkO 383'.. 

-0 01 (0 384; 

[Diarrhoej 

0102 0 291 

-0 01 0 386: 

0 01 '0 361 • 

Wheezing 

0H0'000V. 

0 09,0 005) 

007 M044) 

Vomiting 

0 06 .0 029 

004,0 106). 

0 03,0 238. 

Sore throat 

0 09 0 020 

0 I4 < <0 00b 

0 0 3 0 264 

Irntabilitv 

OHO'O ow 

0 06-0040) 

0 07 if0 03 3 ‘ 

Tiredness 

0 06.0 043) 

0 01 it 0 365) 

0 0J ,0-351) 

Persistent headaches 

0 12,<0 0011 

0 09,0 002) 

0 00(0 *56) 

Earache 

-0 01 tO 349; 

003(0 170) 

-0 04 (0 130) 

Fever-high temperature 
Feeling depressed 

on 2 i<oooj) 

0 10(0 002)1 

006 (0-1046) 

unhappv 

0 08 0 007 

0 02 0 237' 

-0 02 0 294' 

Temper tantrums 

0 04 0 159 

0 06 )0 0691 

0 01 (0 399 

Bedwetting 

0 02 .0 313. 

0 00,0 460) 

-001 (0-437) 

P6or appetite 

0 08 0 015 * 

0 03,0 200) 

0 02,0 336 

Persistent cough 

0)1 0 006 

0 06 0 068) 

0 05 0 139] 

Runnv nose 

0 08 0 033 

0 09-0 023 

0 06,0-123. 

Any symptom 

0 08 0 005 

0 07.0 011 

0 00-0 492 

Mean No of symproms 

r=0 17<q 00U r-0 14(0 001 ) 

r-0 11:0 010 

Mean No of symptoms 
per child 

Mean health cvaJilution 

r-0 --13i0-00.lv 

r-0 12(0 002) 

r-0 05(0-161) 

score 

r-0 08(0 025): r-Oi07(OW) 

r=0 06(0 107) 


Overall, the mean number of symptoms tended to 
increase with greater severity of dampness, mould 
grow th i and air spore concentration, whereas the mean 
number of symptoms per child and the mean child 
health evaluation score were related only to greater 
doses of dampness and mould growth. The mean 
number of symptoms per child and the mean child 
health evaluation score were unrelated to the extent of: 
air spore concentration. 

The three groups of housing conditions were com¬ 
pared regarding the action taken to deal with children’s 
symptoms during the past two weeks and presence of: 
recurrent and longstanding illness. Children in mouldy 
households were more likely to have been given i 
medicines (51-8%) than children in damp (43*2%) or 
problem free households (36*4%) (x : = 10*82, df=2,, 
p<0 005). Other differences did not reach significance. 

Discussion 

Before offering an account of the role of damp and 
mould in the aetiology of symptoms it is necessary to 
consider four types of bias that may invalidate the 
assumption of a causal link between housing con¬ 
ditions and ill health—namely* investigator bias, 
respondent bias, selection bias, and omitted variable 
bias. 

Investigator bias may be dismissed as housing 
conditions and the health of household members were 
independently assessed by two different groups of 
researchers, neither of which included the principal 
investigators. In addition, questionnaires were coded 
and data prepared by workers who were not familiar 
with the objectives of the study. 

Some previous investigations of Xt housing-health 
relation, particularly those carried out by tenants’ 
groups, have been criticised on the grounds that people 
living in damp and mouldy houses will be inclined to 
exaggerate the extent of their own and their children’s 
health problems. A recent study suggested that the 
observed association between mould and respiratory 
symptoms may be accounted for by parental awareness 
of mould in the home/ Our reliance on informants’ 
reports about the health of themselves and their 
children was deliberate. We were unconvinced 
about the reliability and appropriateness of diagnostic 
data derived from official records, especially those of 
general practitioners. We thought that it was valid to 
assess health state bv means of self reported symptoms 
while at the same time recognising that the likelihood 
of respondent bias was thereby increased. This 


problem was minimised, however, by the use of inde¬ 
pendent, expen assessments of housing conditions. 
Although subjective (self reported) and objective 
(expert) evaluations of the presence of damp and 
mould were significantly and positively associated 
(k=0*26, pcO OOl),, there was disagreement about 
damp and mould state ini 1831(30*7%) of the dwellings. 
Furthermore, respondents could not have been aware 
of the air spore concentration in the building. (The 
association between self reponed damp mould and; 
spore count, although significant, was not high: 
r=014^ p<0 001.) Nevertheless, symptoms in both 
children and respondents were related to this measure. 
We also included the general health questionnaire 
score as a covariate when examining the effect of 
housing conditions among children as respondents 
with greater leveli of psychological distress tended to 
report more ill health. The mean number of symptoms 
remained significantly higher in damp and mouldy 
dwellings than in dry dwellings. Thus though the 
overall number of symptoms may have been higher 
than would be obtained by an independent observer, 
there is no reason to believe that such a bias affected the 
main findings. 

Another possible source of error is that of selection 
bias. People who already suffer from ill health may 
tend to live in damp or mouldy dwellings: symptoms 
may exist before, rather than be a consequence of, 
living in poor housing conditions. This could happen, 
for example, where the least desirable dwellings were 
allocated to those most in need who, by virtue of low 
income, social circumstances, or medical history, were 
more likely to report ill health, Although housing 
departments may not always act impartially in the 
selection of tenants to households, there is no evidence 
to suggest that they systematically allocate families in 
poorer health to damp and mouldy households. In this 
study families in damp and mouldy dwellings were not 
more likely to have come from previously poor con¬ 
ditions or to have moved for health reasons or to have 
lived a shorter period of time in the dwelling than 
families in dry houses. In addition, many of the 
children in all three housing groups were bom in the 
household in which they were currently living. Thus 
selection bias is highly unlikely to account for the 
findings. 

Omitted variable bias can arise when variables that 
are correlated with the major independent variable (in 
this case housing conditions) and have a significant 
(possibly causal) relation with the dependent (outcome) 
variable (such as symptom score) are excluded from the 
analysis. Whereas several factors were significantly 
associated with health state, only cold was also asso¬ 
ciated with housing conditions. Cold stress may 
have made some contribution to the experience of 
symptoms: a damp house is usually a cold house. 
Unfortunately, we were unable to assess the tempera¬ 
ture of dwellings. We did, however, gather informa¬ 
tion on perceived coldness of the dwelling and this 
variable was included in the covariance analysis. 

In summary, adult respondents living in dimp and 1 
mouldy dwellings were more likely to report nausea, 
vomiting, constipation, blocked nose, breathlessness, 
backache, aching joints, fainting, and bad nerves than 
respondents living in dry dwellings. These differences 
remained after controlling for the respondent’s 
economic position and cigarette smoking. In a more 
extensive covariance analysis respondents living in 
mouldy dwellings were found to have the highest 
number of symptoms even after taking account of 
possible confounding factors such as length of time at 
addfess, other housing problems, household income, 
economic position, and cigarette smoking. This 
analysis, however, showed!that the respondent’s sub¬ 
jective evaluation of Health and psychological distress 
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were both unrelated to housing conditions. Increasing 
doses of dampness and mould were especially linked to 
nausea, blocked nose, breathlessness, high blood 
pressure, and bad nerves and to a greater number of 
symptoms and a poorer health evaluation score. 

For children, living in damp and mouldy, dwellings 
was associated with, a greater prevalence of wheeze, 
sore throat, runny nose, cough, headaches, and fever 
compared with those living in dry dwellings. With the 
exception of cough these differences were unaffected 
by the introduction of controls for smoking in the 
household, employment, and overcrowding, Addi¬ 
tional possible confounding variables were added in an 
analysis of covariance , which still showed a significant 
effect of housing conditions on the mean number of 
symptoms among children in the household. A dose- 
response relation was particularly noted with respect to 
wheeze, sore throat, runny nose, irritability, persistent 
headache, and fever and high temperature. Increasing 
severity of dampness and mould and any symptom, the 
mean number of symptoms (overall and per child), and 
the mean child health evaluation score were also 
associated. 

Several studies have suggested that some varieties of 
fungal spores are allergenic and give rise to respiratory 
conditions. Burr ei a/ identified Ptmcilkum noiatum, 
Cladosponum herb arum, and Aspergillus species in the 
homes of asthmatic patients and found that the moulds 
gave positive skin test reactions for allergy:’ Fungal 
spores are also believed to affect the respiratory tract 
by producing tissue lesions, by forming saprophytic 
colonies on mucus plugs, and by causing inflammation 
and irritation of nasal and bronchial passages and the 
alveoli.’ 

An investigation by May et a! found symptoms of 
fever, muscular pain, chest tightness, cough, and 
headache to be directly caused by organic toxic dust 
and suggested that this “pulmonary mycotoxicosis” 
may represent a systemic reaction to inhaled fungal 
toxins. 1 *' Although their study was concerned with 
acute episodes after exposure to massive doses of 
organic dust, possibly similar, though less severe, 
symptoms occur as a chronic response to prolonged 
exposure to low* concentrations of fUngal toxins. 

Analysis of the moulds collected from the dwellings 
in our study is still proceeding and a supplementary 
report on the relation of specific moulds to symptoms 
will be prepared I Single dwellings in the study , were 
found to be harbouring over 15 species of mould and 
probably some of these would give rise to allergenic or 
toxic reactions, or both. 

Emotional symptoms in children such as irritability 
and unhappiness are probably linked to physical 
symptoms and indicate that the mental health of 
children is alio at risk. Some of the adults’ symptoms 
are difficult to explain bv reference to mould, though 
aching joints and l nausea could both be reactions 
to fungal toxins. Reports of “bad nerves” are not 
surprising where living areas are unpleasant^ children 
are sick, and family life may be fraught. Backache and 
constipation are puzzling phenomena and may be 
indirect consequences of conditions in, the home. 
Breathlessness and blocked nose may be more closely 
related to low temperature. Increased blood pressure 
and hypoxic have been observed 1 as reactions to cold 
stress 11 


We have attempted at all stages of this study , w’hich 
is probably the largest of its kind iever, undertaken, to 
refute the null hypothesis—namely, that there is no 
relation between housing conditions and health state. 
To that end, we adopted doublfc-blind interviewing 
procedures, included a wide array of possible con¬ 
founding factors, and used multivariate statistical 
techniques. Having eliminated (as far as possible, 
alternative explanations for our findings, w e concluded I 
that damp and mouldy dwellings have direct dele¬ 
terious effects on the physical and psychological well- 
being of adults and children. Our confidence in this 
conclusion is enhanced in more positive fashion by two 
observations: firstly, the similarity of these findings 
with those reported in our earlier study, especially 
concerning children^ respiratory’ symptoms; and, 
secondly , the strong relation between increasing doses 
of adverse housing conditions (dampness, mould 
growth, and air spore concentration) and symptoms of 
ill health, which is unlikely to be the result of 
respondent bias. 

A considerable‘body of evidence now exists that 
supports the contention that dampness and mould is 
an important public health issue, not solely for its 
immediate impact but also for the longterm impli¬ 
cations. Poor housing conditions in childhood, for 
example, are associated with higher rates of admission 
to hospital and higher morbidity and mortality in 
adult life. H15 Hopefully, planners, policy makers, and! 
medical practitioners will now plan concerted joint 
action to eradicate this unacceptable and needless 
health risk. 

This study was supported by grants from Glasgow and 
Edinburgh district councils and the London Research Centre 
Many associations and peopk have contributed to this 
research. In particular, we acknowledge advice and practical 
assistance from the Community Health Resource Unit,, 
Glasgow; Easthall Residents' Association; Rovston, 
Mblcndinar community councils, and the Technical Services 
Agency, Glasgow. 


1 MartinCJ. Platt $D. Hunt SM Udmsinf condition* and ill health B*MeJJ 

1987 JN 1125 7 

2 Institute of Environ menial Health Officers Mould fungal if**f* — tkmtf(eai' 

am health and the control, ptnvruum i and treatment of mould fttr^ih m AtW/inf J: 
London 1EH0.1985. 

3 Graveaen $ Funfi «sa cause of allergic disease. AUerp 1979.34.1*5-54, 

4 Larsen LS A ihree year survey of mjcrofiingi in the air of Copenhagen 

1977-1979. AUerp 19813* 15-22 

5 Goldberf DP. The detetntm of ptytkiamt tllneu K guettumnatrr Lond6n 

Oxford University Press, 1972 

6 Baker Rj.Nelder JA The GUM tyuem manual Reltau 3 Oxford Numerical I 

Algorithms Group. 1978, 

7 SPSS SPSS-X uter i guide Ken York McGraa Hill. 198? 

I Strachan DP- Damp housing and childhood asthma validation of reporting of 
l>mpioim.Br.W«fJ 1988 J97 1123-6. 

9 Burr ML, Mullins ). Merret TG. Scott NC. Indoor moulds and asthma J Ro\ 
Sat Health 19883:99-101 

10 HoseniHJ Moulds inaikrft journal ofAuhma iRneareh 1978:15:15IH>L 

11 Maunsel] K Sensitisation risk from inhalation of fungal spores. J Lonvngn! 

Oiol 1954,68 765 75 

12 May JJ, Stallones L, Parro* D, Pratt DS. Organic dustnoxicm .puWnonary 

mycotoxKOSislassociated with silo unloading Thorai 1986.41 9J9 23 

13 likrvdE CokJ stress and ischaemic heart disease Radical Community Medicine 

198730 9 HI. 

14 Folmer-Anderson Tl Persistence of social and health problems in the welfare 

state a Danish cohort experience from 19*8 to 1979 Sot 5in 
1984:18 555+60 

15 Bnnen N, Davies JMC. Colies JRT Earlf respirators experierwe and 

subsequent cough and peak expiratory <k>w rate in, 36 vear old Imcn and 
women HrMtdJ 1987,294 1317-20 


I Attepted 29 Apn] / 9*9 j 


1678 BM] volume 298 24 JUNE 1989 

Source: https://www.industrydocuments.ucsf.edu/docs/tgnxOOOO 





Source: https://www.industrydocuments.ucsf.edu/docs/tgnxOOOO 




Brunekreef, B., Dockery, D.W., Speizer, F.E., Ware, J.H., Spengler, 
J.D., Ferris, B.G. "Home Dampness and Respiratory Morbidity in 
Children"' American Review of Respiratory Disease 140: 1363-1367, 
1989. 


SUMMARY: This study examined the relationship between measures of 
home dampness and respiratory illness and symptoms in a cohort of 
4,625 eight-to 12-yr-old children living in six U.S. cities. Home 
dampness was characterized from questionnaire reports of mold or 
mildew inside the home, water damage to the home, and the occurrence 
of water on the basement floor. Symptoms of respiratory and other 
illness were collected by questionnaire. Pulmonary function was 
measured by spirometry. Signs of home dampness were reported in a 
large proportion of the homes. In five of the six cities, one or 
more of the dampness indicators were reported in more than 50% of 
the homes. The association between measures of home dampness and 
both respiratory symptoms and other non-chest illness was both' 
strong and; consistent. Odds ratios for moldfe varied from 1.27 to 
2.12, and for dampness from 1.23 to 2.16 after adjustment for 
maternal smoking, age, gender, city of residence, and parental 
education. The relationship between home dampness and pulmonary 
function' was weak, with an estimated mean reduction of 1.0% in 
FEF25-75 associated with dampness and 1.6% with molds. We conclude 
that dampness in the home is common in many areas of the United. 
States and that home dampness is a strong predictor of symptoms of 
respiratory and other illness symptoms among 8- to 12-yr-old 
children. 
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Introduction 

Dampness in the home is a potential 
risk factor for respiratory illhess in part 
through"the action of (micro)organism$ 
that thrive in damp environments. Dust 
mites (Pyroglyphidae) are a well-known 
source of allergenic substances (1-5). 
They thrive at relative humidities greater 
than 70%, and they are found in mat¬ 
tresses, carpets, and dust on surfaces 
moist enough to support them. Dust 
mites are most abundant at the end of 
the summer, after a prolonged period of 
high indoor humidity (6-10). They can 
survive low humidity conditions to a ceiv 
tain extent, but their numbers are reduced 
significantly in homes that are very dry 
in winter (10). The prevalence of mites 
and allergens in house dust decreases with 
increasing altitude (1,11,12), presumably 
because wintertime humidity is lower at 
higher altitudes. Few mites are found in 
dusts obtained in dry climates (13* 14). 
Murray and coworkers (15) reported a 10- 
to 20-fold increase in sensitization to mite 
extracts in children living in a damp cli- 
mate when compared with children liv¬ 
ing in a dry climate. Sensitization to cat 
and dog dander was comparable to the 
two groups. Long before the house dust 
mite was shown to be responsible for al¬ 
lergy to house dust (1), it was known that 
asthmatics normally living at low alti¬ 
tudes suffered far fewer attacks at high 
altitudes, and that asthmatic patients 
generally had negative skin tests for dusts 
collected at high altitudes (16). Recently, 
an increased prevalence of asthma in 
Papua, New Guinea, has been associat¬ 
ed with the increased use of blankets con^ 
taining large numbers of dust mites (17). 

Molds are another source of respira¬ 
tory allergens (18-21). Mold species have 
critical relative humidities ranging from 
less than 80% to more than 90% (18). 
Some genera have stronger allergenic 
properties than do others, and within a 
genus, there can be considerable varia¬ 
tion in allergenic potential among spe¬ 
cies (21). Mold growth in homes can cause 
severe respiratory disease requiring hos- 


pitalization (22-24). Typical causes of 
abundknt mold growth include leaks in 
the roofs or walls, urinating pets, im¬ 
proper carpet cleaning, leaky plant pots, 
and the use of a cold mist vaporizer (22- 
24). Molds are ubiquitous in ambient air, 
and in dry homes, the presence of molds 
appears mainly to be related to their pres¬ 
ence in outdoor air (25)i Penicillium and 
Aspergillus are among the molds typi¬ 
cally found in residences (26-31). With¬ 
in the allergic population, the prevalence 
of mold allergy has been estimated to be 
2 to 30% (32). 

Despite this information about the 
potentially harmful effects of home 
dampness on respiratory health, relative¬ 
ly few epidemiologic studies have inves¬ 
tigated the health effects of dampness. 
A study from the United Kingdom re¬ 
ported an association in a group of about 
200 children between the prevalence of 
respiratory symptoms and relative hu¬ 
midity in their bedrooms (33). Lesourd 
and coworkers (34) reported a trend to¬ 
ward increasing prevalence of cutaneous 
delayed-type hypersensitivity to a battery 
of ubiquitous antigens in white, Hispan¬ 
ic, and black schoolchildren. These in¬ 
vestigators attributed this trend to the in¬ 
creased risk of exposure to microorgan¬ 
isms in poorer homes. Varekamp and 
Voorhorst (35) and Leupen (36) reported 
that patients with bronchial asthma were 


more likely to live in damp homes than 
were control subjects. 

This report utilizes information on 
home characteristics and respiratory health 
of children participating in a large, on¬ 
going epidemiologic study of air pollution 
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and respiratory health to explore the rela¬ 
tionship between moisture in the home 
and respiratory symptoms in children. 

—Methods 

Study Population 

The study population consists of 6,273 school- 
children living in six U S. communities origi¬ 
nally selected for their historic outdbor air 
pollution levels. These communities include 
Watertown, MA; Kingston and Harriman, 
TN; a geographically defined area in the 
southeast comer of St. Louis, MO; Steuben¬ 
ville and Mingo Junction, OH; Portage, Par- 
dbeville, and Wyocena, Wi, and a random 
sample of 50^*1 of the schools in Topeka, KS. 

Initially, approximately 1,000 children were 
enrolled in each city between 1983 (Water- 
town^ and 11986 (Topeka). The cohort was 
drawn from the second through the fifth 
grades, with the number of grades dependr 
ing on the size of the school population. Over¬ 
all, 95.9% of the invited children participat¬ 
ed^ Sample sizes in participating communi¬ 
ties varied bet ween 832 (Watertown) and 1,135 
(St. Louis). One year after the first examina¬ 
tion, the children were invited to participate 
in a follow-up study. A total of 5,395 chil¬ 
dren participated, ranging from 735 in Water- 
town to 1,005 in Topeka. For 5,321 of these 
participants, both a questionnaire and a pul¬ 
monary function test were obtained. This re¬ 
port is based on the 4,625 white children who 
were 7 to 11 yr of age at the start of the study 
and who were seen again at the 1-yr follow¬ 
up examination. 

Health, Exposure, and Demographic 
Information 

At both examinations, a questionnaire was 
given to each child to be completed by a par¬ 
ent or guardianiandireturned to school. In¬ 
formation regarding respiratory illnesses and 
symptoms was requested in a format equiva¬ 
lent to that recommended by the Epidemiol- 
ogy Standardization Project (37). Of the re¬ 
spiratory illnesses and symptoms, responses 
concerning doctor-diagnosed respiratory ill¬ 
ness before 2 yr of age, bronchitis in the previ¬ 
ous year, persistent cough (for 3 months of 
the year or more), persistent wheeze (most 
days or nights or apart from coldi), chest ill¬ 
ness that kept the child at home for 3 days 
or more, and an index of lower respiratory 
illness (bronchitis, cough, or chest illness) were 
considered. The questionnaire-based defini¬ 
tion of these symptoms has been reported pre¬ 
viously(38). In addition, the occurrence of 
doctor-diagnosed asthma in the past year has 
been considered, as home dampness appears 
to increase the presence of substances that 
cause and/or aggravate asthma. The occur¬ 
rence ofi hay fever in the past year has been 
considered, as this may be indicative of the 
childls sensitivity to respiratory allergens. Oth¬ 
er nonchest illnesses that restricted the child’s 
activities for 3 days or more alio were inves¬ 
tigated, asmolds may release biologically ac¬ 
tive substances that lead to systemic effects 


(39). These other nonchest illnesses were de¬ 
fined by the question: “In the past year b has 
this child had any other major illness or acci¬ 
dent that restricted his/her activities for a 
week or more?” This immediately followed 
the analogous question on chest illnesses. 

The effect of home dampness on respirato¬ 
ry symptoms was evaluated separately for chil¬ 
dren with asthma or asthmatic symptoms. Per¬ 
sistent wheeze is often considered to be a mark¬ 
er for asthma in children; In this sample, more 
than half of the children with persistent 
wheeze did not report doctor-diagnosed asth+ 
mai Three groups of children were consid¬ 
ered: children with doctor-diagnosed asthma, 
children with persistent wheeze but without 
doctor-diagnosed asthma, and children with 
neither asthma nor persistent wheeze. 

In the initial as well as the follow-up ques¬ 
tionnaire, information was asked about the 
family’s smoking habits. Exposure to environ+ 
mental tobacco smoke was expressed as the 
presence or absence of a mother who smokes 
in the home, a variable previously shown to 
affect childhood respiratory illness rates (38). 
Paternal smoking is highly correlated with 
maternal smoking, and it has been shown to 
affect childhood respiratory illness rates, al¬ 
though not as strongly as maternal smoking 
(38). Only maternal smoking was controlled 
in this analysis. The mean number of years 
of schooling of the parents (< 9, 9-12, > 12) 
was used as a proxy for socioeconomic fac¬ 
tors that might infidence respiratory health 
or symptom reporting. 

The children were examined at school, 
where their weight and height in stockinged 
feet were measured] Forced expiratory maneu+ 
vers were performed on a recording spirome¬ 
ter (Survey Spirometer; Warren E. Collins, 
Braintree, MA) in a sitting position with free 
mobility without a noseclip. A detailed descrip¬ 
tion of the measurement procedure has been 
given elsewhere (40). 

In the follbw-up questionnaire, three ques¬ 
tions were included regarding potential mois¬ 
ture problems in the home: (/) Does water 
ever collect on the basement floor? (2) Has 
there ever been water damage to the build¬ 
ing? (J) Has there ever been mold or mildew 
on any surface inside the home? From these, a 
fourth variable, home dampness, was created 


(dampness absent if answers to questions 1 to 
3 were negative, present if any were positive). 

Indoor air pollution measurements, includ¬ 
ing humidity, were made in a stratified ram 
dom sample of the homes of about 1,800 Chili 
dren (41 )j Relative humidity of the indoor air 
is less important for the growth of mites and 
fungi than the dampness of specific surfaces 
or pans of the building structure. These mea¬ 
surements will be reported separately. 

The relationship between the questionnaire 
indicators of dampness and the respiratory 
health outcomes is the subject of this report. 

Statistical Methods 

As a first step, symptom prevalences were cal¬ 
culated for each category of the home damp¬ 
ness variables. To investigate potential differ¬ 
ences between cities, odds ratios were calcu¬ 
lated for a number of relevant symptoms 
against the combined dampness variable for 
each city. In the next step, logistic regression' 
models were constructed in which the associ¬ 
ation between home dampness variables and 
symptoms was adjusted for age, sex, paren¬ 
tal education, maternal smoking, and city of 
residence. 

Pulmonary function! was measured by 
FEV,, FVG, and FEF a *- 7 *. The logarithm of 
each pulmonary function variable was 
regressed on an indicator of sex and on the 
Idgarithm of age, height, and weight plus 
maternal smoking, parental education; and 
indicator variables for the city of residence. 
Previously published analyses of pulmonary 
function of preadolescent children (40) have 
shown that this logarithmic transformation 
produces a linear relationship with constant 
variance. The residuals from these modeli 
were compared between categories of the 
home dampness variables by t test. 

All statistical analyses were performed 
using the SAS Statistical Analysis System 
(42) on a> Compaq 286 Deskpro personal 
computer. 

Results 

Reporting rates for the different home 
dampness variables are given for each city 
in table 1. Molds and mildew were report¬ 
ed in almost 40% of homes in Kings- 


TA8LE i 

REPORTING RATES FOR HOME DAMPNESS VARIABLES IN SIX U S CITIES 


Reporting Rate for: 


City 

Molds 

<%) 

Water Damage 

m 

Basement Water* 

m 

Dampness? 

m 

Kingston. TN 

38 1 

12 1 

1113 

45.7 

Steubenville OH 

279 

14.7 

38.0 

55 6 

Watertown. MA 

20.9 

164 

42.0 

55.8 

Si. Louis. MO 

26 9 

23.0 

39 4 

56 4' 

Topeka, KS 

33.0 

222 

30 0' 

569 

Portage, WI 

35.4 

160 

33.3 

58 2! 


* IncJuO** hoowe with no ba»#m*nt* 

t D«mpn«M t$ defined ft* motdt, water Omagt, or w«t*r tn basftmani 
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TABLE 2 

SYMPTOM PREVALENCE FOR EACH OF THE HOME DAMPNESS VARIABLE CATEGORIES 


Symptom 



Dampness Variable 




Moidi 

Water 

Damage 

Basement 

Water 

Dampness 

Yes 

No 

Yes 

No 

Yes 

No 

Yas 

No 

Wheeze 

14 6 

69 

15:0 

99 

11.2 

10.4 

12:2 

9.0 

Cough 

11.7 

6.1 

10:9 

7,2 

96 

7.1 

10 1 

5.1 

Bronchitis 

m.i 

7.0 

10 3 

78 

7.9 

8.5 

9J0 

74 

Cheat illness 

10.7 

7.7 

11.4 

80 

100 

7.9 

99 

6.6 

Lower respiratory illness 

245 

16.2 

23,6 

177 

20.6 

17:9 

220 

14.6 

Respiratory Nines* before ege 2 

12 3 

84 

10 6 


1001 

9.4 

10.8 

8.1 

Asthma 

5j4 

4.4 

5,4 

45 

5 2 

4.5 

5,1 

4 1 

Hay fever 

23.2 

15.8 

22 2 

17 A 

19i4 

17.6 

19.8 

16.3 

Nonchesl illness: 

125 

9.11 

13 7 

9.5 

11.7 

96 

11.9 

63 


ton/Harriman, TN. Reporting rates in 
other communities ranged from 20.9% 
in Watertown to 35.4% in Portage. A high 
rate of water damage was found in St. 
Louis, MO (23.0%), and water was re¬ 
ported to collect occasionally in the base¬ 
ment in approximately 40% of the homes 
in Watertown, MA, St. Louis* MO, and 
Steubenville, OH. The low reporting rate 
in Kingston/Harriman, TN is partly re- 
ated to the fact that few homes in the sanv 
pie had basements (63:3% compared with 
78.4% in Topeka and 93.7% to 98.3% 
in the other communities). 

Children living in homes with indica¬ 
tions of dampness had consistently high¬ 
er rates of respiratory symptoms than did 
children living in homes without these 
indications (table 2). City-specific unad¬ 
justed odds ratios for the association be¬ 
tween respiratory symptoms and damp¬ 
ness were remarkably consistent across 
the six communities (table 3). Similar pat¬ 
terns were found with the other measures 
of home dampness (results not shown); 
These cityrspecific values demonstrate a 
strong and geographically consistent as¬ 
sociation between dampness and most 
childhood respiratory symptoms. 

When the data were combined across 
cities and adjusted for other predictors 
of respiratory symptoms, respiratory ill¬ 
ness and symptoms, including asthma 
and hay fever and other nonchest illness¬ 
es, had associations with moldfc varying 
from 1.27 to 2.12 and> with dampness 
varying from 1-23 to 2.16 (table 4). All 
but one of these associations were statisti¬ 
cally significant, although the associa¬ 
tion was weakest for asthma. Similar 
results were obtained for water damage 
and water in the basement. 

Tb assess the effects of asthma and 
wheeze on the association between home 
dampness and other respiratory symp¬ 
toms* the population was stratified into 


three groups: doctor-diagnosed asthmat¬ 
ics, wheeze without doctor-diagnosed 
asthma, and children with neither wheeze 
nor asthma. The results for molds, ex¬ 
pressed as prevalence ratios, are given in 
table 5; Prevalence ratios were used! for 
this comparison because wide variations 
in prevalence in the unexposed groups 
made odds ratios difficult to interpret. 
Ratios were consistently smallest among 
asthmatics, but this is explained in part 


by the higher reporting rates among chil¬ 
dren not exposed to dampness. 

After adjusting for age» height, weight, 
sex, city of residence, parental education, 
and maternal smoking, there was So 
difference in level of FEV, or FVG with 
the presence of home dampness (table 6). 
There was some indication that FEF 2$ -ts 
was negatively related to molds 

It could i be argued that the excess of 
persistent wheeze among children living 
In damp homer was due to overrcpoit- 
ing of symptoms by parents living in 
those homes. If such overreporting did 
occur, the group of children living in 
damp homes and reported to be symp¬ 
tomatic would be a healthier group than 
the symptomatic children living in dry 
homes. To investigate this issue, we in¬ 
vestigated the relationship between per¬ 
sistent wheeze and pulmonary function 
separately for children living in homes 
with i and l without reported! molds. Per¬ 
sistent wheeze was associated'with an 
8.5% deficit in FEF„.„ (95% Cl, 5.6% 
to 11.2%) among children in homes with 
no molds, and a 9.2% deficit (95% Cl, 
5.5% to 12:7%) in homes with molds af- 


TABLE 3 

CITY-SPECIFIC ODDS RATIOS FOR EFFECT OF DAMPNESS ON SELECTED 
RESPIRATORY, ILLNESS SYMPTOMS IN I SIX U.S CITIES 

Respiratory Illness Symptom 


City 

Wheeze 

Gough 

Bronchitis 

Chest 

Hlness 

Respiratory IHness 
before Age 2 

Kingston, TN 

1.51 

3 72* 

1.66? 

1.31 

1.55* 

Steuben vide. OH 

1.48 

1.42 

1.40 

1 78* 

1.42 

Watertown, MA 

1.57 

1.74 

1.77 

1.57 

1.72 

St. Louis, MO 

1.53 

1.96* 

1.19 

1.56 

094 

Topeka. KS 

1.40 

2.48* 

1.09 

1.86* 

1.77* 

Portage, Wl 

1.23 

2.00* 

0:90 

1.38 

1.43 


• p < 0 05 


TABLE 4 

ASSOCIATIONS BETWEEN HOME DAMPNESS AND SYMPTOMS OF 
CHILDHOOD RESPIRATORY AND OTHER ILLNESS. ADJUSTED 
FOR AGE. SEX, CITY OF RESIDENCE. PARENTAL 
EDUCATION, AND MATERNAL SMOKING. 

IN SIX U.S. CITIES 

Estimated Odds Ratios for 


Symptom 

Molds 

Dampness 

Wheeze 

1.79 {i:44, 2.32)* 

1123 (1.10. 1.39) 

Cough 

2.12 <1l64 v 2 73) 

2 16 (1.64, 2 84) 

Bronchitis 

1.48 (1117: .1.87) 

1132 (1.05, 1.67) 

Chest illness 

1.40 (1111. 1.78) 

1152 (1.20, 1.93) 

Lower respiratory illness 

1.57 (1131. 1.87) 

1168(1.41.2.01) 

Respiratory illness before age 2 

1.42 (1 12J 1.60) 

1140 <1.11. 1.78) 

Asthma 

1,27 (0.93, 1.74) 

1142 (1.04, 1.94) 

Hay fever 

1.57 (1.31, 1.87) 

1:26 (1.06, 1.50) 

Nonchesl illness 

1.40 (1.13, 1.74) 

1.55 (1.25, 1.93) 


a 9SH conto*nc* limits in 


Source: https://www.industrydocuments.ucsf.edu/docs/tgnxOOOO 
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TABLE 5 

ASSOCIATIONS BETWEEN REPORTED MOLDS IN THE HOME AND 
RESPIRATORY SYMPTOMS IN ASTHMATICS. NONASTMMATIC 
WHEE2ERS. ANO NONASTHMATIC NONWHEEZERS 
IN SIX U S. CITIES 


Estimated Prevalence Ratios tor 


Symptom i 

Asthmatics 
(n « 2U) 

NOnasthmatrc 
Wheezers 
(n - my 

Nonasthmatic 
Nonwheeze rs 
(n - 3,799) 

Cough 

1.50* 

1 73* 

1.59* 

Bronchitis 

0.66 

1.41 

1.74* 

Chest illness 

1.20 

146 

1.13 

Lower respiratory iHness 

1.20 

1.37* 

1.39* 

Respiratory illness before age 2 

1.07 

1.13 

1.31 * 

Hay fever 

1104 

1.46* 

1136* 

Nonchest illness 

0.99 

1.51 

1131* 


* p < 0.05 


TABLE 6 

ASSOCIATIONS BETWEEN HOME DAMPNESS VARIABLES AND PULMONARY 
FUNCTION IN CHILDREN. ADJUSTED FOR AGE, HEIGHT, WEIGHT. 
GENDER, CrtV OF RESIDENCE. PARENTAL EDUCATION. AND 
MATERNAL SMOKING. IN SIX U S. CITIES (n - 3,655) 


Home Dampness 
Variable; 

Pulmonary Function 
Variable 

Ptrcent Difference Associated 
with Home Dampness* 

Mows 

FVC 

0.44 ( — 0-27, 1.15)t 


FEV, 

0 03 (-0.75, 0.82) 


FEF M .„ 

-1.62{-3:i9, -002) 

Water, damage 

FVC 

0:25{-0J61. 1.12) 


FEV, 

0^35 (- 0J59, 1-30) 


FEF^„ 

0 46 (-1.49, 2.45) 

Basement water 

FVC 

0,16 (-0.54. 0.87) 


FEV, 

-0.14 (-0.92, 0.65) 


FEF,*-,, 

-1.14 (- 2.74, 0.44) 

Dampness 

FVC 

-0 09 (-0.75, 0.58) 


FEV, 

-0.21'(-0.93, 0.52) 


FEF n . n 

-1.06 (-2.55. 0.44) 

* Ddlerence m mean pulmonary function; expressed as percentage ot me grand mean, between chtK 
dren Irving in damp homes and children living m dry homes. 


t 95% confidence interval 


ter ad justing for age, sex, height^ city of 
residence, parental education, and mater¬ 
nal smoking. FE V, was similarly reduced 
in children with persistent wheeze, irre¬ 
spective of exposure to mokh. Thus, chilr 
dren reported to have persistent wheeze 
had similar pulmonary function deficits 
whether they lived in dry or in damp 
homes, a result not consistent with the 
hypothesis of overreporting. 

The questionnaire data were used to 
investigate the association between the 
home dampness variables and a number 
of potential determinants of home damp¬ 
ness: the use of humidifiers or dfchumidi- 
fiers,, heating system, type of building, 
and age of building. There were more de- 
humidifiers in use in homes where molds 
and mildew were reported (42.0 versus 
28.7%). Molds and mildew were report¬ 
ed in 1 34.9% of detached single family 
homes (which constituted 76% of the to¬ 
tal sample), and in 17.3% of two-family 


homes (with 13% the only other major 
category). Molds and mildew were re¬ 
ported in 34.8 to 43.4% of homes built 
between 1940 and 1969, and in 26.1 to 
31.9% of homes built either before 1940 
or after 1969. Water damage was report¬ 
ed in 22.0% of the homes built before 
1930 and in 9.9% of homes built after 
1979, with increasing reporting rates with 
increasing age of the homes in between. 
Water in the basement was reported in 
47.8% of homes built before 1930, 
decreasing gradually to a reporting rate 
of 11.2% in homes built after 1979i No 
other associations emerged from this 
analysis. 

Discussion i 

The results presented in this report sug¬ 
gest a consistent and strong association 
between reported dampness in the home 
and childhood respiratory symptoms. 
This association remainedlafter adjust¬ 


ment for city of residence, maternal smok¬ 
ing, age, sex, and parental education. 

One explanation for these findings 
could be that people with children ex¬ 
periencing respiratory symptoms report 
dampness in their homes more readily 
than those whose children are not symp¬ 
tomatic This seems unlikely, however* 
because the potential role of home damp¬ 
ness as a risk factor for respiratory ill¬ 
ness has not received the public atten¬ 
tion accorded to other risk factors such 
as parental smoking and the use of un- 
vented combustion appliances. 

Case studies (7,10,23) have document¬ 
ed increased mite populations and mold 
growth in damp homes. These organisms 
have, however, been associated primari¬ 
ly with causation and/or worsening of 
asthma. Interestingly, we find that report¬ 
ed asthma is the only respiratory symp¬ 
tom not consistently associated with 
dampness in the home. The symptom 
“persistent wheeze,” which is closely as¬ 
sociated with reported asthma in the da¬ 
ta, is associated with dampness in the 
home. Also, the relationships with damp¬ 
ness were stronger among nonasthmat¬ 
ic children with or without persistent 
wheeze than among the asthmatic chil¬ 
dren (tabic 5). It could be argued that 
parents of children with doctor-diag¬ 
nosed asthma tend to move or modify 
the home environment to make it as 
healthy as possible for their children! 

The respiratory symptoms used in the 
analysis were strongly correlated. A child 
with one symptom was four times to 
more than ten times as likely to have one 
or more of the other respiratory symp¬ 
toms than a child not having the index 
symptom. This makes it difficult to sep¬ 
arate the associations between dampness 
in the home and the various respiratory 
symptoms. It is also possible that a rela^ 
tively high percentage of children report¬ 
ing symptoms other than wheeze or astht 
ma have reactive airway disease. Hallett 
and Jacobs (43) reported that reactive air¬ 
way disease was present in 80% of pa¬ 
tients presenting with acute bronchitis, 
Molds have been associated with respi¬ 
ratory symptoms and diseases other than 
wheeze and asthma (23i 24) 

A recent study in Edinburgh, Scotland 
found a highly elevated prevalence of re¬ 
spiratory symptoms among children liv¬ 
ing in damp homes (44). The prevalence 
of wheeze in the past year was as high 
as 38J% in homes in'which molds were 
reported to be present in the child’s bed¬ 
room compared with 10.5% in homes 
where no molds were reported. There 
was no clear relationship between home 


Source: https://www.industrydocuments.ucsf.edu/docs/tgnx0000 
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dampnes s and b ronchial lability, how- 
ever, and this was interpreted as evidence 
that the association bet ween home damp¬ 
ness and respiratory symptoms could be 
due to overreporting of symptoms (or a 
greater awareness of symptoms) among 
parents of children living in damp homes. 
The prevalence of wheeze was much high¬ 
er in the damp homes in Edinburgh than 
in the damp homes in this study. In this 
study, the prevalence difference between 
homes with and without reported molds 
was only 6*7o (14.8 versus 8.9^o). The 
mean of FEFjj-n measurements was also 
lower among children living in damp 
homes, although only the association 
with molds was statistically significant. 
We also found that children with persis¬ 
tent wheeze had very similkr deficits in 
FEF 1S ,„ and FEV, in dry and damp 
homes. Overreporting of wheeze in damp 
homes would have diltited the association 
between wheeze and pulmonary function 
level present. 

Another interesting finding is the as¬ 
sociation between home dampness and 1 
reported illnesses other than those of the 
chest. Comparable associations have not 
been found in this populktion between 
smoking in the home and other nonchest 
illnesses (45). Nonchest illnesses may 
incltide various illnesses of the upper 
respiratory tract such as head colds, rhi¬ 
nitis, and I sinusitis, which may be con¬ 
sidered respiratory illhesses* and the asso¬ 
ciation with dampness indicators is plau¬ 
sible A recent study from the United 
Kingdom i (46) has also suggested that 
home dampness is related to nonrespira- 
tory symptoms. 

These findings have implications both 
for further studies of indoor pollutants 
and for health policy. The effect of molds 
or dampness is comparable in size to the 
effect of passive smoking (44). Whether 
the respiratory illnesses produced by pas¬ 
sive smoking and molds and dampness 
have similar long-term significance is un^ 
known. Further investigation of chikf 
hood respiratory illnesses will require 
consideration of both of these variables 
simultaneously: 
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SUMMARY: A prospective epidemiologic study was carried out for 12 
weeks ini the winter of 1983 to evaluate the impact of indoor air 
contaminant levels on respiratory health. A group of 121 children 
below the age of 13 (59 with unvented kerosene space heaters in 
the home; 62 without) were enrolled in the study and nitrogen' 
dioxide levels were measured in 93% of the subjects' homes for one 
two-week period. When socioeconomic status and history of 
respiratory illness were controlled, children under the age of 
seven exposed' to 30 ug/m3 or more of nitrogen dioxide were found 
to have a risk of reporting lower respiratory symptoms 2.25 times 
(95% C.I. 1.69-4.79) that of children who were not exposed. Aspects 
of our study design, including increased precision of exposure 
classification and the inclusion of very young children, may explain 
our findings. 


Source: https://www.industrydocuments.ucsf.edu/docs/tgnxOOOO 


9286&CC202 



Intemauoxal. Vcl. 13. pp 369 -373, 1989 016(M12(V89 S3.00 ,00 

Printed in the U S A. All nghu reierved. Copyright #19*9 Pergunoii Rreai plc 


lower respiratory symptoms in 

CHILDREN EXPOSED TO NITROGEN DIOXIDE 
FROM UNDENTED COMBUSTION SOURCES 


Marianne Berwick, Brian P. Leaderer, and J.A. Stolwijk 
_ j.B. Pierce Foundation and Yale University, New Haven. CT 06510, USA 

Rebecca T. Zagraniskii 

Center for Disease Control, Atlanta. GA. USA 


El 87-37 J (Received 10 November 1987; Accepted 3 April 1989) 


A prospective epidemiologic study was carried out for 12 weeks in the winter of 1983 to evaluate 
the impact of inddor air contaminant levels on respiratory health. A group of 121 children below 
the age of 13 (39 with unveoted kerosene space heaters in the home; 62 without) were enrolled 
in the study and nitrogen dioxide levels were measured in 93% of the subjects’ homes for one 
two>week period. When socioeconomic status and history of respiratory illbess were controlled, 
children under the age of seven exposed to 30 pg/m 3 or more of nitrogen dioxide were found to 
have a 1 risk of reporting lower respiratory symptoms 2.25 times (95% CL 1.69-4.79) that of 
children who were not exposed. Aspects of our study design^ including increased precision of 
exposure classification and the inclusion of very young children, may explain our findings. 


INTRODUCTION 

Conflicting evidence exists for a relationship 
between low levels of nitrogen dioxide, such as 
those that commonly occur in homes with unvented 
combustion; sources, and adverse health effects, 
such as increased 1 respiratory illness (Keller et al, 
1979; Lebowitz et al. 1983; Melia et al. 1977, 1979, 
1982; Speizer et al. 1980; Ware et all 1984). Much of 
the research has been constrained to measure expo¬ 
sure by proxy—the presence or absence of a source, 
usually a g8s cooking stove. While obtaining envi¬ 
ronmental measurements of exposure has been 
difficult due to expense and the greater level of co- 
operation entailed by respondents, the assumption 
has not been justified that the presence or absence of 
an unvented gas appliance is sufficient to categorize 


the exposure of a population. Nitrogen dioxide (NO,) 
levels in homes using electricity for cooking have 
been measured at leveli as high as 33.8 jig/m 1 
(Goldstein et al. 1979); A number of factors, such as 
ventilation rate and the presence of other unnoted 
unvented combustion appliances, are frequently dif¬ 
ficult to measure and can cause this wide range in 
exposure levels. 

To assess the existence and>the magnitude of an 
association between NO, levels and adverse respira¬ 
tory outcomes, we wanted to capitalize on the in¬ 
creased use of kerosene heaters and their potentially 
high NO, emissions. Because NO, has been hypoth, 
esized to interfere with host defense mechanisms; 
lower respiratory illness; represented by symptom 
reports, was used to examine the association between 
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N Q t an d!adverse health outcomes. Since acute respi- 
ratory infections are frequent, particularly among 
young children, greater power to detect differences 
in illness rates could be obtained from observing a 
relatively small number of subjects. In addition, re¬ 
ports in the literature indicated that young children 
would be most likely to be sensitive to any adverse 
effects from N0 2 . 


Approximately 93% of the children's homes were 
monitored with passive diffusion tubes for N0 2 
for at least one two-week period. These tubes were 
placed in three locations inside the residence and one 
location outside. Sulphur dioxide.formaldehyde, and 
air infiltration rates were measured im a subsample 
of homes, but will not be reported here. 


METHODS 
Study design 

A prospective cohort study of adult women and 
children was; conducted from January to April 1983 
in New Haven, CT, to delineate associations between 
low levels of indoor air contaminant levels (includ¬ 
ing; NOj, sulphur dioxide, and formaldehyde) and 
respiratory symptoms. A group of 121 children under 
the age of 1'3 : was enrolled in this study, 59 living in 
homes with' kerosene space heaters and 62 living in 
homes without heaters. To study the association be¬ 
tween low levels of NOj and respiratory symptoms, 
we systematically chose one child from each fam¬ 
ily under the age of 13 and closest in age to 3. 
The participation rate was 78% of families living in 
homes with kerosene heaters, and 81% of those living 
in homes without heaters. The air monitoring design 
is described elsewhere (Leaderer et al. 1986). 


Definition of respiratory illness 

The outcome variable of interest in this study was 
maternally reported acute respiratory illness, partic¬ 
ularly lower respiratory illness. Lower respiratory 
symptoms included! fever, chest pain, productive cough, 
wheeze, chest cold, physician-diagnosed bronchitis, phy¬ 
sician-diagnosed pneumonia; and asthmai Upper respira¬ 
tory symptoms were also ascertained. They included: 
fever, sore throat, nasal congestion, dry cough, croup, 
and head cold. As the data were too sparse to analyze 
by individual symptom, oldsters of lower respiratory 
symptoms and upper respiratory symptoms were fbnnedl 
and incidence was summed for the entire study period 
of 12 weeks. A symptom cluster was considered pres¬ 
ent if two or more symptoms in the cluster were 
reported for one time period. 


Definition of exposure 


Data collection 

Data were gathered from several sources: baseline 
inrperson interviews, 6 follow-up telephone inter¬ 
views, measurements from passive monitors placed 
in, 93% of the homes; and town tax assessor record 
abstracts; 

The baseline interviews were administered between 
October 1,1982, and January 14,1983, and gathered 
information on demographics, medical history, build¬ 
ing characteristics, and homeowner's heating pat¬ 
terns. 

Follow-up telephone interviews were administered 
bi-weekly from January 30, 1983, to April 2, 1983. 
These consisted of: (1) a symptom checklist covering 
20 symptoms of upper respiratory illness, lower re¬ 
spiratory illness, symptoms of general malaise, and 
a count'of the number of days with each symptom, 
and (2) current heating patterns. 

Data abstracted from town tax assessor records 
included the assessed value of the home, the materi¬ 
als used, the condition of the home, its age, the type 
of healing system and fuelused, the number of rooms 
and floors in the home, and the square footage of the 
bottom floon 


Accurate dassificationof subjects by exposure to 
NOj was a major priority of this project. During the 
study, exposure definition was improved beyond the 
anticipated dichotomy, so that children, who were 
initially identified as exposed or unexposed as a 
function of living in a home with a kerosene space 
heater or not, were classified according to measured 
NOj levels. Since measurements were taken for only 
one two-week period, N0 2 levels were estimated for 
all other periods based on hours of use multipliediby 
the level of N0 2 estimated during burning. These 
estimates were not significantly different from I 
measured NQ 2 levels: which were determined to 
the least biased indicator of household exposure 
NOj and thus were chosen as the most refined ex] 
sure variable. 


Personal exposure estimates indicated a 94% c< 
relation (p <0.01) between monitors worn by a st 
sample of 23 adult subjects and the average estimi 
of the three monitored rooms in the household duri 
the same time period. No higher correlation has i 
peered in the literature, and, in fact, Remijn (1983) 


reported that the household 1 average NO } measure¬ 
ment is an excellent proxy for personal exposures. 
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Qata anafysis 

Data were edited for consistency, coded, and qual- 
itv control measures undertaken as the data were 
entered. Unconditional 1 logistic regression analyses 
were performed to determine the magnitude and sta¬ 
tistical significance of each factor controlling for all 
other variables in the model. With the exception 
of age, all the independent variables were contin¬ 
uous. Age was treated as dichotomous—younger than 
seven years and seven years and older. It should be 
emphasized that this type of analysis allows only a 
general'comparison of variables and is highly depen¬ 
dent on the choice of cutpoint. Adjusted oddS ratios 
were calculated using the LOGIST procedure of the 
Statistical Analysis System (Harrell 1983). Similar 
techniques were also used to assess effect modifica¬ 
tion and statistical interaction. 

RESULTS 

Demographic characteristics 

Comparisons were made among the 113 monitored 
children as well as the 8 who were not monitored. 
They were very similar The mean age of the children 
was 6.7 years, and 82% were away from home ap¬ 
proximately 6 hours per day in school or daycare. The 
average household size was 4,2. the average socio* 
economic status was moderate (Hollingshead 4-fac¬ 


tor index)—42.5, and alb children: were Caucasian. 
There were approximately equal numbers of boys and 
girls in each group. 

Measured household exposures to NOz 

Table 1 shows the measured NO, levels by each 
major category of N0 2 source: Kerosene Heater. 
Gas Stove, Gas Stove plus Kerosene Heater^ and No 
Source. 

Health effects; Lower respiratory symptoms 

To assess the effect of N0 2 levels on the presence 
or absence of lower respiratory symptoms, while si¬ 
multaneously controlling, for effeci modifiers and 
potential confounders, multiple logistic regression 
was carried out for the binary dependent variable, 
presence or absence of lower respiratory symp¬ 
toms. Independent variables were included that had 
statistically significant relationships with respiratory 
symptoms in this study (SES, history of respiratory 
illness), and those which were cited in other studies 
as being important (household size, age, number of 
cigarettes smoked in the house per day, and exposure 
to NOj). 

Children under theage of 7 who were exposed to 
30 jig/m 3 N0 2 had an odds for being reported as 
having lower respiratory symptoms 2.25 (95% C.I. 
11.69-4.79) times those of unexposed children: the 


Table 1. Measured NO, values 4ig/m3) in homes of mooiiored children (a»H3) by source presence. 
Yale Health and Heating Study, New Haven, CT, area, winter 1913. 



Kerosene 

Heater + 

Gas Stove 

n»6 

Kerosene 

Heater 

Only 

n*49 

Gas 

Stove 

Only 

n«13 

No 

Source 

n»4 

Kitchen 

89.50 

41,07 

40,92 

6.40 

Living Room 

76.00 

43.40 

24,85 

6.23 

Bedroom 

104.75 

38.33 

28.54 

5.19 

House Average 

90.08 

40,93 

31.43 

5.94 
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Table 2. Anocitiion between meaiured NO. leveli end reported lower reipiratory tymptomi, 
by multiple lo|ittic rejrctuon tntlyiii, in 113 monitored children in the Yele Health end Heet- 
ing nudy. New Heven, CT, tree, winter 1983. 


Variable 

Odds ratio 

95Z Cl 

Age 

1.05 

0.91-1.21 

SES** 

2.35 

1.14-4.85 

History of 



Respiratory Illness 

1.29 

1.03-1.62 

Age < 7 *30 pg/nr 3 N0 2 

2.25 

1.69-4.79 

Age *>7*30 ug/ro^ N0 2 

0.84 

0.59-1.42 


•Hornier goodneji-of-fit: x 1 * 6.41,6 dif., p*>0.38. 
**20 unit* on the Hollingibead scale.. 


same age when the effects of a history of respiratory 
illness and SES wr* controlled (Table 2). 

NOj exposure appeared to have no effect on re¬ 
ported lower respiratory symptoms in children aged 
seven or older. A history of respiratory illness and 
socioeconomic status contributed significantly and 
independently to the risk for reported lower respira¬ 
tory symptoms. Children of higher socioeconomic 
status (20 units on the Hollingshead scale) were 2.4 
times as likely as children of lower SES to be 
reported as having lower respiratory symptoms. A 
history of respiratory illnesses made the odds of 
reporting lower respiratory symptoms 1.3 times as 
likely in all the children. Exposure to environmental 
tobacco smoke was not significantly associated with 
reported symptoms in either age group. 


DISCUSSION 

In this study the ability to meaiure acute effects at 
the same time as exposure seems to have allowed for 
more precise estimates of the associated health ef¬ 
fects—in terms of lower respiratory symptoms, the 
range of the susceptible group (less than seven years 
old), and other potentially important risk factorii 
Since the previous literature has shown inconsistent 
results. It seems that the effect of NOj is likely to be 
limited In many regards. It Is plausible that there Is 
• real biological effect, based on animal data and the 
trend'toward seeing,an effect In younger ages. Many 


studies have reported that SES plays a significant 
role as does a history of previous respiratory illhess 
(see e.g., Monto and Ullman 1974). 

A major strength of this study was that misclassi 1 - 
fication of exposure was limited' though not entirely, 
by the individual household measurement of N0 2 
levels during one two-week period. If this study used 
dichotomous source classification (i.e., presence or 
absence of an unvented combustion source), as most 
research has been constrained to do, the association 
between lower respiratory symptoms and exposure would 
have been only marginally significant (p=0.08). Thus; 
the qualitative nature of previous data may have 
obscured the ability to define association between 
N0 2 and respiratory effects. 

A limitation to the findings from this study is the 
currently unknown bias inherent in maternal reports 
of symptoms. However, we found no association be¬ 
tween a mother's initial report of her child's propen*- 
sity to illness assessed at baseline and subsequent 
reports of symptoms throughout the study. 

CONCLUSION 

The study has demonstrated a statistically signifi¬ 
cant association betweenNOj concentrations and the 
incidence of two or more lower respiratory symptoms 
in children under seven years of age. No such asso- 
ciation was seen in older childrem A history of pre¬ 
vious respiratory illness and socioeconomic status 
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were significantly and independently associated with 
reportfiminess. This research has important impli¬ 
cations: for the present and possibly future health of 
young children'exposed to N0 2 from any unvented 
combustion. The conclusions,, however, are limited 
10 this population and must be replicated, possibly 
with a population exposed to higher levels of NO z , 
before they can be relied on as a basis for further 
action. 

Atk*o*Udim**i — Thi* investigation received support from 
Grant No: ES-00354 fromN.l.E.HiS., Contract No. 
lilH from the Consumer Product Safety Com mission .The J.B. 
fierce Foundation. A Small Gram from Sigma Xi, and Gram No. 
E 5 *07087-05 from N.I.E.H.SI 

references 

Goldstein; B D,; Melia, R J. W.; Chinn. Si; Florey. C. V.; Clark, 
D-; John, H. H. The relation between respiratory illhess in 
primary school children and the use of gas for cooking, II. 
Factors affecting nitrogen dioxide levels in (he home. Ini. J, 
Epidemiol. 8:339-345; 1979. 

Harrell, F. The logist procedure. Cary, NC: Sts Supplemental 
Library User's Guide; 1983. 

Kellen M. D.; Laneie, R. R.; Mitchell, R. J:; Cote, R. W. Respirat 
tory illness in households using gas and electricity for cooking. 
Ill Symptoms and objective findings. Environ. Res. 11:504- 
515; 1979. 

Leaderer. B. P-; Zagraniiki, R. T.; Berwick, M.; Stolivijk, J. A. 
J. Assessment of exposure to indoor air contaminants from 


combustion sources: methodology and application. Araer. J. 
Epidemiol. 124:275-289; 1986. 

Lebowiu. M. Du Holberg, C. J.; O'Rourke, M. Ku Gorman. G.; 
Dodge, R. Gas stove usage, CO and TSP. and respiratory ef¬ 
fects. Proceedings of (he 76th annual meeting of the Air Pollu¬ 
tion Control Asiocition. Available from: APCA Pittsburgh, PA; 

1983. 

Melia, R. J. W.; Florey, C. V.; Altman; D O.; Swan, A:V. Associa¬ 
tion between gas cooking and respiratory disease in children. 
Br. Med. h 2:149-152; 1977. 

Melia. R. J. W.; Florey, C.V.; Chinn, S. The relation betwetn 
respiratory illness in primary school children and the use of gas 
for cooking; I. Results from a national survey. Im. J. Epidemiol. 
8:333-338; 1979. 

Melia RL J. W.; Florey, C. V.; Morris. R W.; Goldstein. B. D.;;John. 
H. H.; Clark, Du Craighead, L Bu McKinlay, l. C. Childhood 
respiratory illness and the home environment. II. Association 
between respiratory illness and nitrogen dioxide, temperature, 
and relative humidity. Int. J. Epidemiol. 11:164-169; 1982. 
Monto: A. S.; U lira so, B. M. Acute respiratory illness in an 
American community : the Ttcurasch study. I. Am: Med. Assoc. 
227(2): 164-169; 1974. 

Remijn, B.; Fisher, P.; Brunekreef, B.; Lebret, E.; Boleij, J. S, Mu 
Noij, D. Indoor air pollution and its effect on pulmonary func¬ 
tion of adult non-smoking women. I. Exposure estimates 
for nitrogen dioxide and passive smoking: Ini, J. Epidemiol. 
14:219-224; 1985. 

Spcixer, F. E.; Ferris, B.; Bishop, Y. M. Mu Spcngler. J. Respira¬ 
tory disease rates and pulmonary function in children associ¬ 
ated with N02 exposure. Am. Rev. Rcspir. Dti. l2U3-IQ; 1980. 
Ware. J. Hu Dockery, D. W.; Spiro, A.; Speixer, F. E.; Ferris, Jr.. 
B: G. Passive smoking, gat cooking, and respiratory health of 
children living in six cities. Am. Rev. Rfcspir. Dis. 129:366-374; 

1984. 


Source: https://www.industrydocuments.ucsf.edu/docs/tgnx0000 



2023379832 


Source: https://www.industrydocuments.ucsf.edu/docs/tgnxOOOO 











Hurwitz, E.S., Gunn, W.J., Pinsky, P.F., Schonberger, L.B. "Risk 
of Respiratory Illness Associated with Bay-care Attendance: A 
Nationwide Study" Pediatrics 87(1): 62-69, 1991. 

ABSTRACT. The risk of respiratory and other illnesses in children 
(age groups: 6 weeks through 17 months, 18 through 35 months, and 
36 through 59 months) in various types of day-care facilities was 
studied. Children considered exposed to day care were those who 
were enrolled in day care with at least one unrelated child for at 
least 10 hours per week in each of the 4 weeks before the interview; 
unexposed children were not enrolled in any regular child care 
with unrelated children and did not have siblings younger than 5 
years of age receiving regular care with unrelated children. 
Although an increased risk of respiratory illness was associated 
with attending day care for children in all three age groups, this 
risk was statistically significant only for children 6 weeks through 
17 months of age (odds ratio = 1.6; 95% confidence interval = 1.1 
to 2.4) and children 18 through 35 months of age who had no older 
siblings (odds ratio = 3.4; 95% confidence interval = 2.0 to 6.0). 
In contrast, day-care attendance was not associated with' an 
increased risk of respiratory illness in children 18 through 35 
months of age with older siblings (odds ratio = 1.0). For children 
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associated with an increased risk of respiratory illness; however, 
for children aged 36 through 59 months, older siblings were 
protective against respiratory illness. In addition, for the 
children in each age group currently in day care, increased duration 
of past exposure to day care was associated with a decreased risk 
of respiratory illness. It is estimated that during the period of 
the study approximately 10% of respiratory illnesses in the United 
States in children- younger than 5 years of age were attributable 
to day-care attendance. 
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ABSTRACT. The risk of respiratory and other illnesses 
in children (age groups: 6 weeks through 17 months, 18 
through 35 months, and 36 through 59 months) in various 
types of day-care facilities was studied. Children consid¬ 
ered exposed to dky care were those who were enrolled in 
day care with at least one unrelated child for at least 10 
hours per w’eek in each of the 4 weeks before the inter¬ 
view; unexposed children were not enrolled in any regular 
child care with unrelated children and did not have 
siblings younger than 5 years of age receiving regular care 
with unrelated I children. Although an increased risk of 
respiratory illhess was associated with attending day care 
for children in all three age groups, this risk was statist 
tically significant only for children 6 weeks through 17 
months of age (odds ratio = 1.6; 95% confidence interval 
= 1.1 to 2.4) and children 18 through 35 months of age 
who had no older siblings (odds ratio = 3j4; 95% confi¬ 
dence interval = 2.0 to 6 0): In contrast, day-care attend¬ 
ance was not associated with an increased risk of respi¬ 
ratory illness in children 18 througb-35 months of age 
with older siblings (oddk ratio = 1.0)^ For children aged 
6 weeks through 17 months, the exposure to older siblings 
was associated wfthan increased risk of respiratory ill¬ 
ness; however, for children aged 36 through 59 months, 
older siblings were protective against respiratory illness. 
In addition, for the children in each age group currently 
in day care, increased duration of past exposure to day 
care was associated with a decreased risk of respiratory 
illness. It is estimated that during the period of the study 
approximately 10% of respiratory illnesses in the United 
States in children younger than 5 years of age were 
attributable to day-care attendance. Pediatrics 1991; 
87:62-69; day-core facilities, respiratory illness. 
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In recent years, interest has been growing in the 
possible health-related risks that result from the 
increasing use of day-care facilities in the United 
States. Among the illhesses of concern are infec¬ 
tions of the upper respiratory tract, the most com¬ 
mon cause of illness in children attending day-care 
facilities, as well as diarrheal illnesses,, hepatitis, 
and Haemophilus influenzae infections. Infections 
of the upper respiratory tract, although typically 
mild, are of increasing interest because of their 
possible association with i otitis media and associ¬ 
ated complications . 1,2 We conducted a study to as¬ 
sess the risk of respiratory and other illness related 
to attending various types of day-care facilities. 
This study provided the opportunity to assess the 
risk of respiratory illness in children ©! various ages 
attending day-care facilities and to assess previ¬ 
ously suggested characteristics of day-care exposure 
and their potential role in the risk of day-care- 
associated respiratory illnesses. 


The study was designed to compare the rates of 
respiratory and other illhesses in exposed vs unex- 
posedl cohorts of childrem in each of three age 
groups: 6 weeks through 17 months (group 1), 18 
through*35 months (group 2), and 36 through 59 
months (group 3)i Exposed children were defined 
as having child care with at least one unrelated 
child for at least 10 hours per week in each of the 
4 weeks before interview. A child was considered! 
unexposed if neither the child nor any siblings 


METHODS 
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younger than 5 years of age had any regular child 
care with unrelated children during this interval! 
The study was designed to enroll at feast 262 ex¬ 
po sed and 262 unexposed children from each age 
group. 

Children in the study cohorts were selected 
through a nationwide telephone survey that incor¬ 
porated a random digit-dialing, cluster-sampling 
technique. A preliminary screener determined the 
age and exposure status of any children younger 
than 5 years of age in the household. The parents 
of all exposed children and a random sample of 
unexposed children (who were relktively more prev¬ 
alent than exposed children) were subsequently 
administered an in-depth questionnaire which 
sought information including the occurrence of any 
respiratory or diarrheal illnesses and associated 
symptoms im children in the previous 2 weeks; 
exposure (both in and outskfe the home) to other 
children, immunization histories, and! current and 
past .child-care arrangements. 

All! interviews were conducted between March 12 
and June 17, 1987. More than 35 000 households 
were called; 28 500 (81%) agreed to participate by 
completing the screening and when selected, the in- 
depth questionnaire. Of the participating house¬ 
holds, 10% (2853) had children younger than 5 
years of age. Of the 3475 children identified in these 
households, 29% could be classified as exposed, 60% 
as unexposed, and 11% did not meet the study 
definition of exposed or unexposed. 

Analyses 

Primary analyses in this study focused on com¬ 
paring the risk of respiratory illness among exposed 
and unexposed cohorts within 2 weeks before the 
interview; analyses were conducted separately for 
each age group. Although multiple children from 
the same household were enrolled in this study, one 
child at most (the youngest) from a given household 
was included in the analysis of each age group. This 
ensured that all the observations within each age 
group were independent; hence, standard statistical 
techniques could be used in each separate analysis. 
Comparisons of risk between age groups were con¬ 
ducted restricting the analysis to children without 
siblings. 

To control for the effect of possible confounders 
and to identify potential interaction effects, we 
used' multiple logistic regression analysis. Logistic 
models were developed as follows. For each age 
group; factors previously reported or suspected of 
being risk factors fbr childhood: illnesses were 
screened by using Mantel-Haenszel statistics (see 
Table 1). The factors identified as potential con- 


TABLE 1. Variables Considered for Multivariate 
Models _ 

Region of country 
Race (white, nonwhite)* 

Income (<$20 000)* 

Mother’s education (<high school): 

Crowding (1 or more persons per room) 

Work in day care or babysitting 
Smoking at home by family members* * 

Siblings in household* 

Current breast-feeding (age group 1 only)* 

Month of interview * 

* Core variables selected for inclusion in model. (The 
variables without asterisks were not included!in the model 
because eliminating them changed the exposure odds 
ratio by less than 5% ) 

founders or interaction variables in any age group 
were selected as core variables, which were used in 
the logistic models for each of the three age groups. 
The variable “current breast-feeding” was used only 
in the youngest age group. 

Logistic regression analyses were completed sep¬ 
arately for each age group. The baseline logistic 
model included exposure, age, andlthe core variables 
as main effects. Two-way interaction terms involv¬ 
ing exposure were then added tb the baseline model 
stepwise (P value to enter, .05). Finally, the vari¬ 
ables not involved in significant interactions were 
dropped from the modbl if their absence changed 
the exposure odds ratio by less than 5%. 

We also examined the following three character¬ 
istics of day-care exposure to assess their associa¬ 
tion with respiratory illness: number of other chil¬ 
dren in the day-care setting, number of hours per 
week currently in day care, and length of time 
previously in day care. To simplify the analysis of 
these factors, we eliminated from the exposed group 
the children who were currently attending more 
than one day-care facility or who had switched day¬ 
care facilities. Multivariate logistic models incor¬ 
porating these additional variables were developed 
from the final exposure models already described. 

To take into account the complex survey design, 
we used RtiLogit, a program that incorporates the 
design effect into the variance estimates of the 
logistic parameters, to run the final logistic modbls. 

•N. 

illness in Families 

The rates of respiratory illness in the families of 
exp<jsed children and the families of unexposed 
children were afeo examined. Families were classi¬ 
fied as exposed if a child (in any age group) attended 
day care; they were classified as unexposed if their 
children did not: attend day care. Again, multivar¬ 
iate models were developed, as described earlier. 
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TABLE 2. Demographic Characteristics of Children Exposed (Exp) and Children Unex- ( 

posed (Unexp) to Day Care by Age Group 


Characteristic 



Age Group 



t 


6 wk- 

■17 mo 

18-35 mo 

36-59 mo j 

\ * 

( 


Exp 

Unexp 

Exp 

Unexp 

Exp 

Unexp 



(n = 192) 

In = 3511) 

(n = 302) 

(n = 383) 

(n = 463). 

(n “ 446) _ 


Mean age; mo 
Race/ethnicity, % 

11.0 

9.0 

27,0 

26.8 

48.4 

47.1 

i 

White 

77.2 

74.6 

82.2 

76.5 

72.3 

73.3 

i 

Black 

7.8 

8.3 

9.6 

9.1 

14.6 

9.0 

Hispanic 

6.2 

1117 

2.6 

7,6 

6.0 

9:9 

( 

Other/unknown 

8.8 

5.4 

5.6 

6.8 

7,1 

7:8 

i 

Maternal education, % 







< 

<High school 

6.4 

14 ;6 

7.1 

13:7 

6.7 

10.9 

J 

High school 

42.3 

4319 

40.2 

43:3 

39.2 

52.4 

Some college 

24.3 

24.5 

26.0 

22.5 

26.2 

21.4 

i 

College degree 

Income (in thousands), % 

27.0 

117.0 

26.7 

20.5 

28:0 

15.3 


<$20 

24.4 

34.8 

23.1 

32.1 

23 2 

35.7 

t 

$20-35 

32.6 

33.6 

33:3 

36.6 

30:1 

34.8 

>$35 

38.9 

25.6 

38:6 

26.1 

40.6 

22.4 

j 

Unknown 

4.2 

6.0 

5j0 

5.2 

6.0 

7,2 

c 

Region, % 







V 

Northeast 

16.6 

25.9 

19.8 

26;9 

19.6 

19.5 


South 

37.8 

23.1 

34.0 

25.9 

36.8 

24.9 

t 

North Central 

25-9 

28.5 

26.1 

25.3 

26.2 

30.5 

i 

West 

19.7 

22.5 

20.1 

21.9 

17.4 

25.1 

a 

Siblings <18, % 







c 

None 

39.6 

27.9 

40:7' 

23.0 

25.9 

13.5 

t 

Older 

60,4 

72.1 

52.0 

64.5 

55.3 

64,3 

Younger onli' 

0 

0 

7,3 

12.5 

18.8 

22.2 

e 

i* 


Attributable Risk 

The attributable risk in the exposed (ARE) esti¬ 
mates the percentage of cases of illness in exposed 
children that is attributable to the exposure (day 
care); the population attributable risk (PAR) meas¬ 
ures the percentage of the total cases of illness in 
exposed children and unexposed children that is 
attributable to the exposure. 

For each age group the ARE and the PAR were 
calculated by using the following formulas: 

ARE = (I E - Iu)/Ie 

par = P E d E -y/i 

where I is the 2-week age-specific incidence of resr 
piratory illness in the total population and Pe is 
the proportion of the total population exposed to 
day care. Because this study excluded children ex¬ 
posed 1 to 10 hours per week, we assumed in esti¬ 
mating I that the incidence in this group was similar 
to the incidence in the unexposed group. Ie repre¬ 
sents the estimated incidence of respiratory illhess 
in the exposed population; Ifo is the estimated in¬ 
cidence in a demographically similar unexposed 
population (ie, adjusted for income, race, and pres¬ 
ence of siblings). Logistic regression models were 
used to calculate these incidence rates. 


Selected Infectious Diseases in Past Year 

Included in the questionnaire were questions 
about the occurrence in the past year of overnight 
hospitalizations and 15 specific infectious diseases. 
Because the exposures and the ages of subjects were 
different, these analyses were done on a person- 
year basis. Rates were standardized for region, im 
come, and presence of siblings; Statistical signifi¬ 
cance was assessed by using the method of Breslow 
and Day to compare standardized mortality ratios. 

RESULTS 

Demographic Characteristics 

Comparing the demographic characteristics of 
the exposed land the unexposed cohort s in each age 
group revealed that the unexposed tended to have 
lower levels of maternal education and household 
income and were more likely to foe of Hispanic 
ancestry’ (Table 2). Unexposed children were also 
more likely to have siblings than were exposed 
children and less likely to live in the South. These 
and other differences between exposed and'unex¬ 
posed cohorts were considered and, where appro¬ 
priate, adjusted for in subsequent multiple logistic 
analyses; 
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Characteristics of Day-care Exposure 

Table 3 displays various characteristics of day¬ 
care exposure. As required by the definition of day¬ 
care exposure, all children were enrolled for at least 
jO hburs per week. Approximately 50% of children 
in each age group were in day care for 40 or more 
hours per week (mean time in each age group: 35, 
34, and 33 hours per week, respectively). Prior time 
in day care increased as age increased; almost half 
(47%) of the children in group 3 had been enrolled 
in day care for at least 18 months. The percentage 
of exposed' children in small child-care arrange^ 
ments (6 or fewer children) decreased with age, 
ranging from 70% of children in group 1 to only 
31% of children in group 3; 

Antecedent Illnesses and Events 

During the 2 weeks before the interview, the 
children in all I three age groups exposed to day care 
were more likely to have had a respiratory illhess 
than those not exposed to day care. Furthermore, 
in each group of children with a respiratory illness; 
a higher percentage of exposed than unexposed 
children reported two or more respiratory symp¬ 
toms (ie,, cough, fever,, runny nose, sore throat, 
earache), received antibiotics, and consulted or vis^ 
ited a health care provider (Table 4). 

Multiple logistic regression analyses demon¬ 
strated that the overall odds ratio for respiratory 
illness associated with day-care exposure was 1.6 
(95% confidence interval [Cl] k 1.1 to 2.4) for chib 
dren in group 1 and 1,3 (95% Cl, 0.95 to 1.8) fbr 
children in group 3 (T^ble 5). Among those in group 
2, the presence of siblings significantly reduced the 
odds ratio for day-care exposure. Further analysis 
in this age group of the effect of siblings demon- 
strated that the day-care odds ratio for children 


TABLE 3. Characteristics of Day-care Exposure* 


Ghana ci eristic 


Age Group 



6 wk-17 mo 

18-35 mo 

36-59 mo 

Size of day-care 
facility 

2-6 

133 (701 

167 (56) 

141 (31) 

7*f 

58 (30) 

133 (44) 

317 (69) 

Prior time in day 
care 

<9 mo 

116 (67) 

94 (32) 

154 (34) 

9-18 mo 

57 (33) 

84 (29) 

86 (19) 

18-27 mo 


88 (30) 

88 (19) 

>27 mo 


27(9) 

128 (28) 

Hours/wk in day 
care 

>10-19 

29 (IS) 

38 (13) 

109 (24) 

20-39 

60 (32) 

115(38) 

141 (31) 

>40 

101 (53) 

148 (49) 

207 (45) 


* Results are given as number (%) of children. 


with younger siblings only was similar to> that for 
children with no siblings and that the aggregate 
odds ratio for these children was significantly ele¬ 
vated (3.4, 95% Cl, 2.0 to 6.0). In contrast, the odds 
ratio for children with older siblings was signifi¬ 
cantly lower than above and not significantly dif¬ 
ferent from 1. In the other age groups the odds ratio 
was not significantly affected by the presence of 
siblings. 

Multiple logistic analysis concerning children 
without siblings (thereby allowing direct compari¬ 
sons of age groups) demonstrated day-care odds 
ratios of 1.8, 3i7, and 1.5 for age groups 1, 2, and 3, 
respectively. The odds ratio for children in group 2 
was 2.0-fold higher (95% Cl, 0.74 to 5.4) than that 
for children in group 1 and 2.4-fold higher (95% Cl, 
0.93 to 6.4) than that for children in group 3. 

To further assess the possible independent risk 
of respiratory illness dtie to exposure to older sib¬ 
lings, we also calculated odds ratios of respiratory 
illness associated with other siblings (Table 5). In 
group 1, the odds ratio (1.7) was significantly ele¬ 
vated: In group 3, the odds ratio was significantly 
below 1, suggesting that in this age group the risk 
of respiratory illness was lower in children with 
older siblings than in those without. In both these 
groups, no interaction with day-care exposure was 
observed. For children in group 2, the older-sibling 
odds ratio was affected by day-care status. For those 
not in day care, the odds ratio for older siblings was 
significantly elevated; however, among those in day 
care the odds ratio was less than 1, 

Characteristics of Day-care Exposure Related to 
the Risk of Illness 

Using exposure to a single day-care facility, we 
included 87%, 80%, and 72% of exposed children in 
age groups 1, 2, and 3, respectively, in the analysis. 
For each age group, the odds ratio of respiratory 
illness associated with current day-care exposure 
did not differ significantly between part-time (<40 
hours/week) and full-time care. 

For each age group the Figure displays how the 
duration of past day-care exposure influences the 
odds ratio of respiratory illness associated with 
current day-care exposure. Within each age group, 
the protective effect of longer enrollment in day 
care was statistically significant. In group 1 the 
odds ratio of respiratory illness for those exposed 
less jthan 9 months was 2.3 times as great as the 
odds ratio for those exposed greater than 9 months. 
Similarly, for those image groups 2 and 3, exposure 
to day care fbr less than 9 months was associated 
with a 2.1!- and 2.2-fokbgreater odds ratio, respec¬ 
tively, than was exposure for 38 to 27 months. As 
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TABLE 4. Illness and Events Within 2 Weeks Before Interview: Children Exposed (Exp) 
and Children Unexposed (Unexp) to Day Care, by Age Group* 

Illness/Event Age Group 


6 wk-17 mo 18-35 mo 36-59 mo 



Exp 

Unexp i 

Exp 

Unexp 

Exp 

Unexp 

Respiratory illness 

All Children 
34 2 

26,5 

37.6 

29.5 

25.8 

21.5 

£2 symptoms 

Children With Respiratory Illness 
78:8 73.3 80.7 

70.8 

82:5 

71.9 

Symptoms for >2 da vs 

98.3 

100.0 

95.2 

92!6 

96:4 

92:9 

Consulted/visited health care provider 66.1 

60:4 

4915 

43:4 

55.3 

39,1 

Received antibiotics 

40.7 

31.1 

29,9 

25.0 

35.0 

19,8 


’ Results are percentages. 
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TABLE 5. Odds Ratios, by Age Group, for Respiratory Illness Associated With Day-care 
Exposure and With Having an Older Sibling* 


OR 


Age Group 



6 wk-17 mo 

18-35 mo 

36-59 mo 

Daycare OR (95% Cl) 

Older sibs 

No older sibs 

Aggregatet 

1.6 (1.1—2.4) 

1.0 (0.65-1.6) 

3.4 (£.0-6:0) 

1.3 (0.95-1.8) 

Older sibling OR (95% Cl) 

Day care 

No day care 

Aggregatet 

1.7 (1L1-2.6) 

0.62 (0.38-1.0): 
2.1 (1.2-3.7) 

0.60 (0.41-0.88') 


* OR, odds ratio; Cl, confidence interval. 

Aggregate odds ratio used when no significant interaction observed. 
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Age Group 
6 wk#-37 ■»©• 


3H 
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0. 56 A 



1B+-35 no* 

(no older alb*) 

1B—35 noa 
(older alba) 

36-59 hi© a 


i-!-1-I-1- 

Under 9 noa ©-1B noa 10—27 noa > 27 moan 

Duration of Poet Exposure 

Figure. Odds ratios of respiratory illness associated with day-care exposure by duration 
of past exposure and age group. 
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seen in the Figure, odds ratios well below 1 were 
observed in several situations. The odds ratio for 
children im group 3 who had been in day care for 
more than 27 months was 0.58 (95% Cl, 0.23 to 
1.1); the odd! ratio for children in group 2 who had 
K en in day care for more than 18 months and who 
had older siblings was 0.56 (95% CIl 0.22 to 1.03). 

In each age group the odds ratio associated with 
larger (more than six children) vs smaller dky-care 
facilities was elevated. This effect was greatest, and 
statistically significant, in group 2 (odds ratio = 
2.2; 95% CIl 1.2 to 3.7). The odds ratios for large vs 
small centers were 1.6 and 1.4, respectively, for 
groups 1 and 3. 

Illness in Family Members 

Respiratory illness in family members 5 years of 
age or older was highly correlated with the occur¬ 
rence of respiratory illness in family members 
younger than 5 years of age in exposed andl in 
unexposed families. Thirty-one percent (72/230) of 
exposed families with ill children younger than 5' 
' •ears of age also reported a respiratory illness in a 
family 5 years of age or older compared with 12% 
(73/608) of exposed families with no ill children 
younger than 5 years of age; the comparable per¬ 
centages for unexposed families were 36% (71/199) 
andl 12% (90/744). Thirty-eight exposed families 
(4.5%), compared with 34 (3.6%) unexposed fami¬ 
lies, reported a respiratory illness in a family mem¬ 
ber 5 years of age or older that was preceded in the 
2 weeks before interview by the onset of a respira¬ 
tory illness in a family member younger than 5 
years of age. 

The results of the logistic model demonstrated 
that families that reported a respiratory illness in 
a member 5 years of age or older were 1.18 times as 
likely to have children in day care as were the 
families that reported no illness in a member 5 
years of age or older (95% Cl, 0.93 to 1,50)! 

Attributable Risk 

The ARE for respiratory illness was higher for 
groups 1 and 2 (28% and 33%) than for group 3 
(18%). The PARs for the three age groups were 
7.1%, 11.7%, and 7.7%, respectively. The similarity 
of the PARs in groups 1 and 3, despite the difference 
in AREs, reflects that a higher proportion of chil¬ 
dren in group 3 than in group 1 were exposed to 
day care. 

Infectious lllhesses in the Past Year 

We compared the incidence rates of certain in¬ 
fectious illnesses in the year preceding the interview 


by age and exposure status (Table 6). In each age 
group, the exposed incidence rate for chickenpox 
exceeded the unexposed rate; this difference was 
statistically significant for groups 1 andl 3. No sig¬ 
nificant differences were observed in the incidence 
rates of selected other diseases listed in the table 
nor for respiratory-tract-related hospitalizations. 

Because chicken pox was the only disease with 
enough cases for subset analyses, we used it to 
examine the effect of older siblings and the size of 
the day-care facility, two factors that' are important 
for day-care-associated respiratory illness. Similar 
trends were observed. In groups 1 and 3 relative 
risks of more than 2 for day-care exposure were 
observed for the children with and children without 
older siblings. In group 2, however, only those with¬ 
out older siblings had an elevated relative risk (2.3); 
those with older siblings had a relative risk of 1.0. 
In addition, in each group, the risk for large centers 
exceeded that for small centers; relative risks of 1.6, 
1.5, and 1.4 were observed for groups H through 3* 
respectively. 


The results of this nationwide study are consist¬ 
ent with observations from a number of studies 
conducted in smaller populations using a variety of 
methods, which suggest that day-care attendance is 
associated with an increased risk of respiratory' 
illnesses in preschool-aged children! 3 " 7 In addition. 


TABLE 6. Incidence Rates per 100 Child Years of Re¬ 
ported Infectious Illnesses in Past Year, by Age Group 
and Day-care Exposure* 

Disease Age Group 

6 wk ' 17 18-35 mo 36-59 mo 


Exp Unexp Exp Unexp Exp Unexp; 


Chickenpox 

9.5|| 

3,5 

111.2 

8:2 

19-5: 

8.3 

Diarrhea lasting >1 

«,t; 

5.8 

4.4! 

4.0 

5j4 

0.8 

1.7 

WK 

Vaccine-preventable 

diseasest 

0.5 

0.8 

1.1 

0j7 

0.7 

0.3 

Other diseases:): 

3.1 

11.5: 

3.4 

1.7 

4:9 

412 

Respiratory-related 

hospitalizations^ 

Yo 

3.1 

2.1 

2.0 

0.3 

0.0 


* Exp^ children exposed to day care; Unexp, children; 
unexposed to day care. 

t Includes measles, mumps, rubella, diphtheria, and per¬ 
tussis (no cases of mumps or diphtheria reported). 
t Includes mononucleosis, scarlet fever, scabies, lice, hep¬ 
atitis, meningitis,,giardiasis, and Haemophilus influenzae 
(no cases of hepatitis or meningitis reported!). 

§ Includes pneumonia, influenza, bronchitis, asthma, and 
respiratory condition (unspecified). 

|| Significant difference between exposed and unexposed 
rate. 


DISCUSSION 
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this study allowed examination of a number of: 
issues, including the effect of prolonged exposure 
to day care and to older siblings, which had not 
been assessed in earlier studies. This study illus¬ 
trates the'Tompl^xity of this day-care-associated 
risk and the fact that a number of factors, including 
age of the child, presence of older siblings in the 
home, duration of prior day care, exposure, and size 
of the day-care facility may affect the risk of such 
illnesses. 

The risk of respiratory illness associated with 
day-care attendance increased for children in all 
three age groups, although it was statistically sig¬ 
nificant only for (all) children in the youngest age 
group and children without older siblings in the 18- 
through 35-month age group. The highest risk was 
observedlin this latter group (odds ratio = 3.4). The 
risk of respiratory illness in children aged 18 
through 35 months with old^r siblings was not 
affected' by day-care attendance; however, these 
children did have an excess risk of respiratory ill¬ 
ness when compared with children who had neither 
older siblings nor day-care exposure. This group 
may have no day-care-related risk of respiratory 
illness because older siblings and day care pose 
similar and competing risks in this age group: 

Although authors have speculated about differing 
day-care-related risks among children of different 
ages, earlier studies have not examined the risk of 
respiratory illness among children of different ages, 
and many have not included children older than 36 
months of age. 

Infants and toddlers in dhy care have also been 
shown to have increased risks of other illnesses, 
particularly diarrhea. 8 Inasmuch as many of the 
modes of t ransmission of agents commonly respon¬ 
sible for diarrheal and respiratory illnesses are be¬ 
lieved to be similar—including child-to-child con¬ 
tact! and fomites or shared objects, which are fre¬ 
quently mouthed! by infants and toddlers—the 
increased risk of both types of illness is not unex¬ 
pected. The higher day-care-associated rate of res¬ 
piratory illness in children aged 18 through 35 
months compared with younger and older children 
may be related to an increased frequency of such 
practices in this age group. Additionally, the lower 
day-care-associated risk (and absolute rates) of res¬ 
piratory illness in children aged! 36 through 59 
months may be related to the acquisition of relative 
immunity to common respiratory agents. Although 
this study was not designed to assess all possible 
differences among children of different ages, it does 
illustrate the importance of considering age when 
examining day-care-related risk of respiratory ill¬ 
ness. 

Although there has been considerable speculation 
about the impact of early, and long-termienrollment 


in dky care on the risk of various illnesses, espe¬ 
cially respiratory illnesses, this is the first study to 
assess this factor using large cohorts of children 
who have been in day care for different lengths of 
time. Our results suggest that among children at¬ 
tending a single facility (87%, 80%, and 72% in age 
groups 1, 2, and 3, respectively), longer exposure 
was associated with a decreased risk of respiratory 
illness. This seemed to be true regardless of the size 
of the facility and was apparent in each age group. 
Among children aged 36 through 59 months, those 
who had been in day care for 27 or more months 
had a lower risk than those unexposed to day care 
(odds ratio = 0.5), suggesting that prolonged expo¬ 
sure to day care may lead to a reduced risk of 
respiratory illness among older preschool children. 
It is possible that this reduced risk of respiratory 
illness extends into the school-aged years and! re¬ 
sults in decreased absenteeism during this period. 
On the other hand, the increased rate of respiratory 
infections during the earlier years may be related! 
to an increased risk of otitis media and associ¬ 
ated complications, an issue our study did not 
address. 9 " 13 

This study suggests that the presence of older 
siblings in the home, as well as day-care attendance,, 
has an important, and perhaps similar, impact on 
the risk of respiratory illness in children younger 
than 5 years of age. Among children aged 6 weeks 
through 17 months, the odds ratios associated with 
older siblings and with day care were similarly 
elevated. Among those 18 through 35 months of 
age, the oddfe ratio associated with old^r siblings 
among those not in day care was elevated but of 
smaller magnitude than the odds ratio for day care 
among those without older siblings. However, 
among children 36 through 59 months of age, the 
odds ratio associated with older siblings was less 
than I (odds ratio = 0 j54L P < .05), suggesting a 
protective effect. Thus, prolonged exposure to older 
siblings seemed to reduce the risk of respiratory 
illness. 

Although risk of respiratory illness increased in 
association with day care, the size of the day-care 
facility significantly affected this risk only among 
those children 18 through 35 months of age; attend^ 
ance at a larger facility (more than six children) 
w r as associated with a significantly increased risk of 
respiratory illness when compared with smaller far 
cilities (ittaro to six children, odds ratio = 2.2). Al¬ 
though there is considerable evidence that larger 
day-care facilities are associated with an increased 
risk of certain illnesses* including diarrhea and 
disease caused by H influenzae*' 12 studies concern¬ 
ing the importance of the size of the facility have 
been less conclusive and have not attempted to 
evaluate this risk among children of different ages. 
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Wald et al recently reported that children younger 
than 18 months of age in smaller day-care facilities 
(two to six children) had an intermediate risk of 
respiratory illness between home care and larger 
day-care facilities; in our study, however, the dif¬ 
ference between small and larger settings was not 
siatisticatt^rsignificant for children younger than 
18 months of age. 4 Strangert, too, found no evidence 
that increasing the number of contacts to more 
than four td six children increased the risk of res¬ 
piratory disease among children younger than 2 
years of age. 5 

Although we observed no differences in the risk 
of a number of illnesses, including lower respiratory 
tract illness, meningitis, and measles, we had too 
; - j w cases to adequately assess possible differences 
in the risk of these illnesses with respect to day¬ 
care attendance. However, the increased risk of 
chickenpox was statistically significant for those 
attending day care. Furthermore, chickenpox was 
similar to respiratory illness in terms of the influ¬ 
ence of older siblings and the size of the day-care 
facility. 

A major distinction of this study is that the 
participants represent a cross-section of day-care 
attendees and nonattendees in the United States. 
However, a number of limitations should be consid¬ 
ered in assessing the results. The study primarily 
focused on illnesses occurring in the 2 weeks beftore 
the telephone interviews, which were conducted 
from March 17th through June 12th, rather than 
during the peak period of respiratory illnesses ( win¬ 
ter months of December through March); Caution 
should be used in extrapolating these results to 
■i her seasons of the year. 

Additional concerns include the possibility that 
the parents of children attending day-care centers 
may be more likely to report minor symptoms as 
illnesses because of a preconception that such fa¬ 
cilities are associated with an increased risk of 
illness. Hfowever, most of the illnesses reported by 
parents involved two:or more respiratory symptoms 
that lasted 2 or more days,, and many involved 
ntibiotic therapy; furthermore, these indices of 
severity were reported more frequently for exposed 
children than for unexposed children. 

That this study consisted of a nationwide repre¬ 
sentative sample of children enrolled in day care 
makes the assessment of attributable risk poten¬ 
tially meaningful from a public health perspective. 
Our estimates that approximately 209c to 309c of 
respiratory illnesses among those attending day 
care can i be attributed to day care and that 79c to 
12 /t of all respiratory illnesses in children younger 
than 5 years of age occurring in the United States 
during the study period may have resulted from 
day-care attendance are similar to those reported 


for children (all <36 months) in a study conducted 
in metropolitan Atlanta from mid-July to mid- 
September. 3 The present stucty also suggests that 
small, compared with larger, day-care settings, spe¬ 
cifically for children 18 through 35 months of age, 
are associated! with a reduced risk of respiratory 
illness: In addition, the study also illustrates that 
one possible result of early day-care en rollment' may 
be a reduced risk of respiratory illnesses among 
older preschool children. Further studies, including 
studies prospectively observing large cohorts of 
children in various types of day-care settings, would 
help determine whether a reduced rate of respira¬ 
tory illness extends into the school-aged years. 

ACKNOWLEDGMENTS 

We thank Larry Anderson, MD; Claire Broome, MD: 
Stephen Cochi, MD; Stephen Hadler, MD; Dennis Jura- 
nek, DVM; John Stewart, MD; and Robert Tauxe, MD, 
for their assistance in designing and supporting the study; 
the staff of Louis Harris and Associates, for collecting 
the data; and Voughn Trader, for preparing the manu¬ 
script. 


REFERENCES 

1. Henderson FW, Collier AM, ,Sanya!iMA,,et all A longitudi¬ 
nal study of respiratory viruses and bacteria in the etiology 
of acute otitis media with effusion. N Engl J A/erf 
1982;306:1377-1383 

2. Denny FW, Collier AM, Henderson FW. Acute respiratory 
infections in day care. Rev Infect Dis 1986;8:548-557 

3. Fleming DW, Cochi SL, Hightower AW, Broome CV. Child¬ 
hood upper respiratory tract infections: to what degree is 
incidence affected by day-care attendance? Pediatrics 
1987;79:55-60 

4. WaldER, Dahefsky B, Byers C, et ai. Frequency and severity 
of infections in day care. J Pediatr. 1988,112:5400-5406 

5. Strangert K. Respiratory illness in preschool children with 
different forms of dky care. Pediatrics 1976:57:191-196' 

6. Doyle A: Incidence of illness in (early group and family day 
care. Pediatrics: 1976:;5:9:607-612 

7. Bell DM; Gleiber DW, Mercer AA, et al. Illness associated! 
with childcare: a studv of incidence and cost. Am J Public 
Health 1989,79.479-484 

8. Bartlett AV,, Moore M, Gary GW, et al. Diarrheal disease 
among infants and toddlers imday care centers, II: compar¬ 
ison with dav care homes and households. J Pediatr 
1986;107:503-509 

9j Pukander J; Sipila M, Karma P. Occurrence of and risk 
factors in acute otitis media. In: Lim DJ, BlbestOne DC, 
Klein JO, et al, eds. Recent Advances in Otitis Media With 
Effusion . Philadelphia,*PA: BC Decker; 1984:9-13 

10. Visscher W, Mendel JS, Batalden PB, et al. A case-control 
study exploring possible risk factors for childhood otitis 
media. In:: Lim DJ, Bluest one DC, Klein JO, et al. edk. 
Recent Advances in Otitis Media With Effusion. Philadel¬ 
phia; PA: BC Decker; 1984:13-15 

11. Ingvarsson L, Lundgren K, Olbfsson Bi Epidemiolbgy of 
acute otitis media in children: a cohort study in an urban 
population! In: Lim DJ, Bluestone DC, Klein JO, et al. eds 
Recent Advances in Otitis Media With Effusion. Philadel¬ 
phia, PA: BC Decker, 1984:19-22 

12 Istre GR, Conner JS^ Broome CV, et al. Risk factors for 
primary invasive Haemophilus influenzae disease: increased 
risk from day-care attendance andi school age household 
members. J Pediatr. 1985; 106:190- 3 95 


ARTICLES 69 


ource: https://www.industr 


n8B!illiyiM iH8ail«fci*sT*nrosrsTSEWKCTg«iw>Mi 


1 


Source: https://www.industrydocuments.ucsf.edu/docs/tgnxOOOO 


2023373842 



